THE  PRESIDENT’S  WAGE-PRICE  POLICY 

WON’T  WORK 


The  AMERICAN  public  had  every  right  to  expect 
that  the  long-awaited  wage  and  price  policy  would 
break  the  impasse  blocking  the  way  to  the  swift  and 
orderly  reconversion  of  industry  from  war  to  peace. 

The  policy  announced  offers  little  promise  of  such  solu¬ 
tion,  and  this  may  well  constitute  a  national  calamity. 

There  is  only  one  thoroughly  constructive  feature  of 
the  Presidential  Statement  of  February  14  and  its  imple¬ 
menting  Elxecutive  Order.  It  is  the  first  Government  pro¬ 
nouncement  since  the  defeat  of  Japan  to  clearly  define 
inflation  as  the  major  danger  confronting  us  in  the  period 
immediately  ahead. 

That  is  a  correct  appraisal,  and  one  long  overdue.  Up 
to  now  Government  spokesmen,  almost  invariably,  have 
sought  to  carry  water  on  both  shoulders.  The  Adminis¬ 
tration  has  justified  its  policy  of  promoting  wage  in¬ 
creases  as  a  measure  necessary  to  forestall  deflation  — 
to  keep  purchasing  power  from  falling  and  forcing  the 
economy  into  a  violent  tailspin.  The  strict  holding-of- 
the-line  on  price  ceilings  has  been  defended  as  necessary 
to  prevent  runaway  inflation.  Unfortunately,  while  the 
President  now  exhorts  all  to  enlist  in  a  crusade  against 
inflation  with  a  voice  that  is  clearly  Jacob’s,  his  program 
for  dealing  with  it  still  employs  the  hairy  hands  of  E^u 
to  promote  the  very  danger  which  he  is  urging  everyone 
else  to  combat. 

The  “new”  piolicy  provides  for  a  continuation  of  the 
wage  increases  that  have  been  pressured  through  by 
Government  mediators,  “fact-finding”  boards,  and  direct 
seizures  until  they  have  been  made  general  throughout 
industry  upon  the  dimension  established  in  recent  pat¬ 
terns.  It  offers  industry  the  single  concession  of  prompt 
hearings  and  decisions  upon  claims  for  price  advances, 
hut  the  yardsticks  for  judging  such  claims  are  exactly 
those  which  OPA  has  applied  in  the  past.  Since  the  past 
procedure  has  led  us  into  our  present  difficulties,  it  is 
hard  to  see  how  it  will  serve  now  to  lead  us  out  of  them. 

Past  Government  Policy  Fostered  Dissension 

At  the  war’s  end,  it  was  obvious  to  everyone  that  what 
was  needed  was  the  swiftest  possible  reconversion  of  in¬ 
dustry.  It  should  have  been  equally  apparent  that  we  were 
faced  with  the  difficult  problem  of  controlling  tremendous 
inflationary  pressures  which  would  be  particularly  insis¬ 
tent  until  peacetime  production  could  be  mobilized  at  high 
volume.  This  was  made  almost  inevitable  by  the  huge 
backlog  of  accumulated  demand,  for  both  capital  and 
consumer  goods,  and  by  the  unprecedented  volume  of 
liquid  funds  at  the  disposal  of  individuals  of  all  classes. 
The  only  circumstance  that  could  have  modified  the  in¬ 
flationary  complexion  of  the  postwar  picture  was  the  pos¬ 
sibility  of  such  wholesale  and  prolonged  dislocation  and 
unemployment  in  the  process  of  readjustment  that  people 
would  have  been  frightened  into  freezing  onto  their  sav¬ 
ings  instead  of  spending  them. 

It  soon  was  apparent  that  just  the  opposite  was  taking 


place.  The  early  transition  was  extraordinarily  swift,  un¬ 
employment  was  lower  than  anyone  had  dared  hope,  and 
civilian  spending  outstripped  all  previous  records.  The 
circumstances  called  for  strong  anti-inflationary  fiscal 
measures,  along  with  a  firm  maintenance  of  price  and 
wage  controls  alike. 

Instead  of  adopting  such  a  balanced  program,  the  Gov¬ 
ernment  immediately  discarded  all  wage  controls,  and  in 
addition  started  an  active  campaign  for  promoting  large 
wage  increases.  The  President,  upon  a  number  of  occa¬ 
sions  stated  flatly  that  American  industry  generally  could 
and  should  grant  substantial  pay  advances  without  any 
compensating  price  rises.  His  Office  of  War  Mobilization 
and  Reconversion  estimated  that  average  increases  were 
practicable  to  the  extent  of  24  per  cent.  Given  such  Gov¬ 
ernmental  encouragement,  it  was  inevitable  that  labor 
leaders  should  do  exactly  what  they  did— file  extravagant 
wage  demands  at  the  beginning  of  the  reconversion  proc¬ 
ess,  when  accurate  appraisal  of  production  schedules  and 
costs  were  least  susceptible  of  calculation,  and  when  the 
shortage  of  civilian  goods  multiplied  the  inflationary 
effect  of  any  increase  in  purchasing  power. 

At  the  same  time,  the  OPA  was  fighting  to  hold  the 
price  line  in  a  good  cause,  but  with  singularly  inept  pro¬ 
cedure.  It  acted,  seemingly,  upon  the  premise  that  it  was 
always  better  to  give  less  price  relief  than  was  needed 
rather  than  enough,  that  relief  provided  under  its  formula 
was  preferably  to  be  granted  later  rather  than  on  time, 
and  ffiat  the  interests  of  lower-bracket  income  receivers 
should  be  protected  by  a  particularly  tough  resistance  to 
raising  prices  of  cheaper  goods.  The  latter  procedure 
seems  to  have  boomeranged  by  virtually  driving  many 
of  the  lower-priced  lines  off  the  market. 

The  sum  of  these  wage-price  procedures  resulted  in 
work-stoppages  of  epidemic  scope.  Many  business  con¬ 
cerns  faced  with  the  prospect  of  immediately  unprofitable 
operation,  uncertain  that  new  wage  demands  would  not 
be  made  with  Government  support  as  soon  as  volume 
production  was  established,  and  without  assurance  as  to 
when  price  controls  would  end,  refused  to  assume  inevit¬ 
able  losses  even  when  confronted  with  combined  union 
and  Government  pressure.  The  fight  was  on. 

“New”  Policy  Differs  Little  From  Old 

With  inflation  now  clearly  recognized  as  the  immediate 
danger,  it  might  have  been  expected  that  the  new  wage 
policy  would  reverse  the  former  practise  of  lending  active 
encouragement  to  new  wage  advances.  But  that  would 
have  brought  down  upon  the  Administration  the  wrath 
of  all  organized  workers  who  had  not  yet  been  granted 
increases  already  bargained  through  by  other  groups. 
This  was  avoided  by  directing  the  National  Wage  Stabili¬ 
zation  Board  in  effect  to  approve  any  wage  increases 
necessary  to  give  general  advances  comparable  to  those 
already  made.  The  only  brake  applied  on  the  wage  side 
lies  in  a  directive  to  the  Board  not  to  approve,  as  a  basis 


for  price  relief,  wage  advances  that  go  beyond  the  estab¬ 
lished  pattern. 

On  the  price  side,  the  new  directives  to  the  OPA  entail 
no  important  departure  from  its  past  procedures.  Even 
the  concession  to  review  “hardship”  cases  promptly  rather 
than  after  six  months  is  only  a  pious  hope,  since  it  is  un¬ 
likely  that  OPA  is  equipped  to  deal  rapidly  with  the 
thousands  of  C2ises  that  will  arise.  A  hardship  case  is  de¬ 
fined  as  one  in  which,  after  absorbing  an  approved  wage 
advance,  an  industry  or  establishment  in  a  twelve  months’ 
period  of  normal-rate  operation  is  judged  by  the  Price 
Administrator  likely  to  oi>erate  at  a  rate  of  profits  to  net 
worth  less  than  it  averaged  in  the  base  period  of  1936-1939. 

Let  us  see  what  this  really  means.  In  the  first  place,  the 
rate  of  manufacturing  profits  in  the  base  period  was  only 
moderate.  But  since  the  average  net  worth  of  manufac¬ 
turing  corporations  has  increased  one-third  over  what 
it  was  in  the  base  period,  the  application  of  the  OPA 
formula,  assuming  that  its  Administrator  correctly  ap¬ 
praises  the  twelve-month  outlook,  seems  to  provide  for 
absolute  profits  one-third  higher  than  the  1936-1939  aver¬ 
age. 

The  OPA  formula,  however,  applies  to  profits  before 
taxes.  What  really  matters  to  stockholders  is  profits  after 
taxes.  Corporation  taxes  have  been  increased  from  an 
average  of  17  per  cent  in  the  base  period  to  38  per  cent 
now.  This  means  that  the  price  adjustments  granted  by 
OPA  on  average  will  yield  profits  after  taxes  no  larger  in 
dollar  terms  than  in  the  1936-1939  period,  although  1946 
manufacturing  sales  are  expected  to  be  more  than  twice 
as  high.  Under  this  procedure  the  ratio  to  net  worth  of 
profits  after  taxes  will  be  one-fourth  lower  than  the 
1936-39  average.  This  clearly  imdermines  the  incentives 
upon  which  production  at  high  level  depends. 

The  workers  get  wage  increases  which  promote  infla¬ 
tion.  The  Government,  bailed  out  from  its  previous  mis¬ 
takes,  gets  political  credit  for  raising  wages.  And  the 
entire  bill  is  handed  to  American  industry  for  payment. 

But  the  Danger  of  Inflation  is  Real 

Under  these  circumstances,  there  is  a  growing  demand 
on  the  part  of  business  groups  that  price  controls  be 
rescinded  immediately.  It  is  argued  that,  once  the  restric¬ 
tive  influence  of  price  controls  is  relaxed,  capacity  pro¬ 
duction  soon  will  supply  sufficient  goods  to  prevent  undue 
price  inflation. 

It  is  understandable  that  business  should  wish  to  be 
rid  of  Government  controls  which  have  operated  in  such 
a  thoroughly  inconsistent  and  damaging  fashion.  Unfor¬ 
tunately,  there  is  ground  for  believing  that  more  harm 
might  result  from  this  cure  than  from  the  disease. 

There  is  nothing  in  our  situation  that  could  bring  on 
the  kind  of  inflation  that  has  been  experienced  by  certain 
countries  of  Europe  and  Asia  —  in  which  the  value  of  cur¬ 
rency  deteriorates  until  it  takes  a  cartload  to  buy  a  pair 
of  shoes.  But  our  situation  now  is  definitely  more  threat¬ 
ening  than  it  was  in  1919,  after  the  first  World  War.  At 
that  time  wholesale  prices  and  the  cost-of-living  sky¬ 
rocketed  almost  25  per  cent  within  twelve  months.  If  we 
discard  all  controls  now,  as  we  did  then,  prices  might 
easily  go  up  from  25  to  50  per  cent  in  a  year’s  time. 

An  inflation  of  that  dimension  can  do  tremendous  dam¬ 
age.  While  it  lasts,  all  those  dependent  upon  fixed  incomes 
are  damaged— all  bondholders,  including  those  who  hold 


war  bonds,  all  life  insurance  and  annuity  beneficiaries 
all  pensioners.  Generally,  the  purchasing  power  of  wages 
and  salaries  would  shrink,  with  white  collar  and  unor¬ 
ganized  production  workers  hardest  hit.  Controlled-rate 
industries,  such  as  railways  and  other  utilities,  would  be 
squeezed.  General  business  would  suffer  least  of  all- 
while  the  boom  lasted. 

But  such  soaring  booms  cannot  last.  The  1919  boom 
burst  in  mid-1920.  By  summer  of  1921  industrial  prices 
had  fallen  40  per  cent  and  industrial  production  was  of! 
35  per  cent;  farm  prices  had  fallen  50  per  cent.  This  time 
the  boom  might  soar  higher  and  last  longer,  but  that 
would  merely  result  in  an  even  more  precipitous  drop. 
Business  would  be  hard  hit  along  with  everyone  else,  and 
high  wage  rates  would  mean  nothing  to  the  unemployed. 

Controls  Must  be  Consistent  and 
Progressively  Relaxed 

But  if  the  Nation  cannot  afford  to  risk  disastrous  infla¬ 
tion  by  immediately  abolishing  controls,  neither  can  busi¬ 
ness  afford  to  accept  the  program  which  the  Administra¬ 
tion  now  proposes. 

The  wage-price  policy  will  not  hold  the  inflation  line 
so  long  as  the  Administration  is  leading  the  assault  to 
breach  that  line  on  the  wage  side,  as  it  has  done  ever 
since  VJ-Day. 

The  Administration  is  now  going  before  Congress  to 
ask  for  a  broad  extension  of  its  wartime  powers  for  an 
additional  year  beyond  June,  1946. 

Congress  must  see  that  this  is  not  granted  except  upon 
terms  that  guarantee  the  use  of  such  power  with  a  con¬ 
sistency  that  has  been  conspicuously  absent  up  to  now. 

1.  It  must  provide  sufficient  price  relief  to  yield  profits 
normal  to  high-level  operation. 

2.  The  basis  for  price  relief  must  be  clearly  defined  and 
geared  to  actual  costs  of  operation  at  the  earliest  possible 
date. 

3.  OPA  administrative  procedures  must  be  speeded-up 
and  streamlined,  or  the  delays  that  characterized  past  ad¬ 
ministration  will  become  intolerable. 

4.  It  must  see  that,  once  established,  the  new  line  is 
held  as  long  as  wartime  controls  are  continued  by  enforc¬ 
ing  restrictions  on  wages  as  well  as  prices. 

5.  It  must  set  an  early  date  for  the  termination  of  all 
wartime  controls  and  provide  for  progressive  and  bold 
steps  for  de-control  to  be  taken  before  that  date,  as  soon 
as  production  levels  in  any  field  are  sufficiently  high  to 
restrain  runaway  prices. 

6.  It  must  proceed  without  delay  to  marshal  fiscal  and 
monetary  policies  to  combat  inflation,  in  order  that  price 
controls  may  be  discarded  at  the  earliest  possible  date. 

Unless  Congress  does  this  —  and  it  will  not  be  easy  in 
an  election  year— we  are  headed  for  an  explosion.  It  will 
come  in  one  of  two  forms  —  either  in  a  continuance  of  in¬ 
dustrial  strife,  or  in  a  rocketing  inflationary  boom  that 
can  only  end  in  collapse  and  depression. 
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TfflS  IS  THE  45th  OF  A  SERIES 


FiLAMENT 


the  countersign  of 
dependability  in  any 
electronic  equipment 


EIMAC  3X2500A3 


lllu«trat«d  i»  pn  axpcri- 
in«ntaL3  KW  FM  coaxial 
groundad  grid  amplifitr 
•action  with  tha  Eimoc 
3X2500A3  in  tha  tockat. 


READY  FOR  FM  NOW 


3500  watts  (useful*)  output 
at  88  to  108  me 


The  radical  and  efficient  mechanical  design  of  this  new  Eimac 
external  anode  triode  makes  it  ideal  for  use  in  any  type  trans¬ 
mitter  circuit.  For  example,  note  in  the  illustration  above 
[how  well  the  arrangement  of  the  terminals  enables  it  to  fit 
into  a  grounded  grid  amplifier.  Its  design  features  will  be 
kery  much  appreciated  in  the  efficient  layout  of  FM  trans¬ 
mitters — grounded  grid  or  neutralized.  In  typical  grounded 
^grid  operation  at  110  me,  the  Eimac  3X2500A3  will  provide 
^3‘/2  KW  of  useful*  output  with  only  3000  volts  on  the  plate. 
Furthermore,  only  800  w’atts  (approx.)  of  driving  power  are 
.required  for  such  operation.  To  get  your  FM  transmitter  on 
the  air  quickly  and  efficiently,  use  the  new  Eimac  3X2500A3 
tube — tried  and  proven  for  the  job.  Complete  technical  data 
is  available  now.  n  si 

L  ^  P'  Ufr  adhally  dehitrtd  to  tht  loud. 

jl^OllOW  THE  LEADERS  TO 


EITEL-McCULLOUGH,  INC. 

IISIE  San  Mateo  Ava.,  San  Bruno.  Calif. 
Plonts  locotad  ot:  Son  Bruno,  Calif, 
and  Salt  Laka  City,  Utah 

Export  Agents:  Froxor  &  Hanson,  301 
Cioy  St.,  Son  Francisco  11,  Colif.,  U.S. A. 


Typical  Operation  (1 10  me 

,1  tube) 

D-C  plate  voltage . 

3000  volts 

D-C  plate  current  . 

1.6  amps. 

D-C  grid  voltage . 

-3S0  volts 

D-C  grid  current  .  .  . 

250  mo. 

Driving  Power  (Approx.) 

800  watts 

Plate  dissipation  (Approx.)  . 

1500  watts 

Total  power  output  (Approx.) 

3800  watts 

Useful  power  output . 

3500  watts 

CALL  IN  AN  EIMAC  REPRESENTATIVE  FOR  INFORMATION 

ADOLPH  SCHWABTZ  (W2CN)...220 
iroodwoy,  Rpom  2210,  N«w  York  7, 
N,Y,  Phono:  Cortlond  7-0011. 

HERB  BICKiR  (W6QD) . . .  1 406  S. 
Ofond  Avo.,  Lob  Angolot  15,  ColiFornio. 
Phono:  Richmond  61P1. 

TIM  COAKUY  (W1KKR)...11  Boocon 
Stroot,  Boston  B,  Mossochwsotts.  Phono: 
Copitol  0050. 


ROTAi  J.  HIOOINS  (Wf A10)... 600 
$.  Michi9on  Avo.,  Room  BIB,  Chtc090  S, 
Illinois.  Phono:  Horrison  5P48. 

V.  O.  JINBIN,  Oooorol  Solos  Co., 
2616  Socond  Avo..  Soottlo  1,  Woshing- 
ton.  Phono:  Elliott  6871. 

M.  R.  PATTERSON  (WSC1)...1124 
Irwin  - Kosslof  Bldg.,  Polios  1,  Toxos. 
Phono:  Control  5764. 


CAUTION  ! 

Chock  serial  numbers  on  Eimac  tubes  before  you  buy.  Be  sure 
you're  getting  newest  types.  Look  for  latest  serial  numbers. 


Simple  as  ABC' 

Consider  ihe  contacts  first 

Select  a  Mallory  preferred 
type  contact 

Specify  it  by  catalog  number 


H«ad 

Thick. 

||H 

Shouldar 

Thick. 

“C- 

Shank 

Dia. 

Shank  La 

Min.  Man. 

<Saa  Nota  1) 

ngth  ••L" 

1  Recommended 

1  Short  Long 

.060 

.040 

.078 

.055 

.234 

.093 

i 

.12S 

Typt  3-967 

.042 

.078 

.055 

.234 

.125 

.156 

Typa  3-1247 

.060 

.187 

.093 

.065 

.279 

.125 

.156 

Typa  3-1269 

.050 

.218 

.093 

.065 

.279 

.156 

.187 

Typa  3-1559 

.043 

.230 

.028 

.124 

.087 

.372 

.15» 

.187 

Typa  3-15412 

.075 

.250 

.050 

.124 

.087 

.372 

.187 

.218 

Typa  3-18712 

.060 

.281 

.040 

.124 

.087 

J72 

.218 

.250 

Typa  3-2161: 

.075 

.281 

.050 

.140 

.098 

.420 

.218 

.250 

Typa  3-21714 

.075 

.312 

.050 

.140 

.098 

.420 

.250 

Typa  3-257U 

TYPE  3  COMPOSITE  SHOULDERED  RIVET  CONTACT 


A  TANY  of  the  country’s  leading  manu- 
-LYA  facturers  avoid  confusion,  delay  and 
extra  expense  by  choosing  electrical  contacts 
first — before  designing  new  equipment. 

Mallory  makes  it  easy  for  them  to  do  this  by 
standardizing  on  eight  basic  types  of  contacts — 
contacts  that  long  experience  has  shown  will 
meet  90%  of  all  application  needs — contacts 
that  are  available  in  a  large  variety  of  sizes. 

If  your  product  requires  a  composite  shouldered 
rivet  contact,  for  instance,  the  odds  are  ten  to 
one  that  Mallory  Type  3,  illustrated  above,  will 


fill  the  bill  exactly.  By  simply  ordering  it  from 
the  Mallory  catalog,  you  save  yourself  a  lot 
of  time  and  trouble — avoid  the  expense  of 
special  tooling. 

Write  for  a  copy  of  the  Mallory  Conlacl 
Catalog,  today.  A  copy  of  the  authoritative 
Mallory  Contact  Data  Book  is  also  available  to 
engineers  who  write  on  company  letterheads. 
If  you  have  a  problem  that  it  doesn’t  cover,  the 
Mallory  engineering  staff,  creators  of  more  than 
5,000  special  contact  designs,  will  be  more  than 
glad  to  give  you  additional  help. 
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March  fMd  — ELECTRONICS 


►  JAP  ...  In  the  January  issue  of  the  American  Sci¬ 
entist,  Talbot  Howe  Waterman  has  some  “Notes  on 
Japanese  Electronics  at  the  Close  of  the  Pacific  War”, 
resulting  from  an  interrogation  of  one  of  Japan’s  re¬ 
search  men.  The  last  paragraph  of  Mr.  Waterman’s 
article  is  as  follows : 

“In  response  to  a  query  as  to  why  his  company’s 
recent  research  activities  had  been  directed 
toward  the  study  of  centimeter  radar  and  why 
this  was  desirable,  this  worthy  fellow  replied,  ‘Dr. 
Hamada  here  can  give  you  the  engineering  answer 
to  that  question,  but  speaking  as  a  non-technical 
man  I  can  give  you  my  own  answer,  too.  We  .were 
working  on  centimeter  wavelengths  because  the 
Americans  employed  them  in  their  equipment. 

We  knew  that  if  the  Americans  were  using  them 
they  must  be  very  desirable!’  Recalling  the  pol¬ 
ished  diplomacy  of  the  Japanese  in  Washington  on 
December  6,  1941, 1  would  suggest  that  the  reader 
should  not  feel  too  smug  over  this.  In  fact  Mr. 
Suda  undoubtedly  realized  that  words  were  cheap, 
especially  if  they  put  us  in  a  good  mood  for  expe¬ 
diting  delivery  of  the  issues  missing  from  his  sub¬ 
scription  to  Electronics.” 

►  WINDFALL  .  .  .  Appearance  of  much  surplus  elec¬ 
tronic  material  on  the  market  reminds  one  of  the 
all-time  high  in  such  dealings  which  occurred  at  the 
end  of  the  last  war.  The  exact  facts  are  a  bit  hazy  but 
they  are  about  as  follows. 

In  a  warehouse  in  Philadelphia  were  some  300,000 
Western  Electric  VT-1  and  VT-2  tubes,  well  known  to 
old  timers.  Upon  breaking  open  one  of  the  cases  many 
tubes  were  found  to  have  broken  arbors  made  of  glass 
rod.  It  was  thought  that  the  breakage  would  be  high 
and  so  the  whole  lot  was  unloaded  for  50^  each,  the 
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purchaser  believing  that  the  platinum  would  be  worth 
about  one  dollar  per  tube.  The  lucky  buyer  found  that 
very  few  arbors  were  broken;  his  next  discovery  was 
that  amateurs  would  pay  |5  or  $6  for  each  tube. 

And  speaking  of  surplus,  a  curious  cycle  has  come 
to  light.  It  seems  that  the  quickest  way  to  get  some 
telephone  equipment  for  a  rush  field  experiment  dur¬ 
ing  World  War  II  was  to  purchase  from  a  local  depart¬ 
ment  store  some  of  the  World  War  I  field  telephones 
then  on  sale.  After  V-J  day  the  telephones  were  turned 
over  to  the  Army  together  with  the  field  stations  in 
which  they  were  used.  The  Army  promptly  turned  the 
telephones  back  into  the  surplus  account  and,  by  now, 
somebody  else  is  talking  over  these  surplus  items  of 
two  world  wars! 

►  DISCOVERY  ...  An  agent  in  USSR  sent  in  a  state¬ 
ment  that  scientists  in  that  great  country  had  devel¬ 
oped  a  most  successful  substitute  for  piezoelectric 
quartz.  In  fact  the  monthly  output  was  several  hun¬ 
dred  kilograms,  over  a  million  instruments  being  in 
use  employing  the  new  crystals.  The  source  of  this 
new-found  ersatz  quartz  was  the  wine  industry,  the 
material  itself  was  sodium  potassium  tartrate. 

This  seemed  like  pretty  hot  news  but  upon  looking 
the  matter  up  it  was  found  that  the  wonderful  stuff 
w’as  only  our  old  friend  Rochelle  salts. 

►  FCC  . . .  Best  statement  of  the  IRE  Winter  Meeting 
period  was  that  of  Chairman  Porter  who  hoped  that 
broadcasters  would  be  as  successful  reaching  the 
American  farmer  on  118  me  as  the  Signal  Corps  was 
in  reaching  the  moon  on  112. 
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*  I 


Four  Years  of 

Engineering  Advances 


Papers  presented  at  the  1946  Winter  Technical  Meeting  of  the  IRE  reflect,  quantitatively 
and  qualitatively,  the  many  developments  stimulated  hy  wartime  needs,  and  provide  a 
significant  key  to  reconversion  problems.  Speakers  covered  the  entire  gamut  from  micro¬ 
wave  radar  through  audio  and  video  broadcasting  to  industrial  electronics 


INTO  THE  FOUR  WAR  YEARS,  •ngineering  advances  which  might  not  have  been 
achieved  in  two  decades  of  peace  were  compressed.  Thus  papers  presented  at 
the  1946  Winter  Technical  Meeting  of  The  Institute  of  Radio  Engineers  were  particu¬ 
larly  significant. 

So  important  as  a  key  to  reconversion  problems  was  the  meeting  that  ELEC¬ 
TRONICS  assigned  its  entire  editorial  staff  the  job  of  reporting  all  technical  sessions. 
That  this  was  an  arduous  task  will  be  appreciated  when  it  is  considered  that  always 
two  and  frequently  three  of  the  16  separate  sessions  were  held  concurrently. 

By  the  end  of  the  week  of  January  26,  over  7,000  engineers  had  signed  registra¬ 
tion  cards;  untold  other  thousands  had  milled  about  looking  at  two  floors  of  exhib¬ 
its;  newspaper  and  magazine  reporters  had  been  treated  to  a  worldwide  human- 
interest  story,  the  bouncing  of  radar  echoes  from  the  moon  by  Army  and  civilian 
scientists  at  Camp  Evans  Signal  Laboratory,  Belmar,  N.  J.  The  popular  side  of  the 
moon  story  has  been  well  covered  by  the  newspapers  and  the  techniques  involved 
will  be  adequately  described  in  the  literature  soon. 


Military  Applications 


Before  one  opening-session  audi¬ 
ence  tilling  the  huge  main  ballroom 
of  the  Astor  Hotel  in  New  York,  four 
speakers  paid  tribute  to  the  impor¬ 
tant  role  played  by  electronic  equip¬ 
ment  in  modern  warfare,  reviewing 


developments  now  declassified  and 
citing  specific  engagements  in  which 
electronic  equipment  was  a  decisive 
factor. 

The  effectiveness  of  radar  in  naval 
warfare  was  dramatically  illustrated 


by  Commodore  J.  B.  Dow  of  the  Bu- 
reau  of  Ships,  who  gave  a  play-by- 
play  description  of  23  minutes  of 
action  by  one  of  our  cruiser  forces  in 
the  Pacific.  At  11:38  pm,  radar  con¬ 
tact  was  made  at  14,000  yards  with 
five  ships,  determined  to  be  an  enemy 
cruiser  force.  The  main  battery  of 
one  of  our  cruisers  was  laid  on  the 
target  corresponding  to  the  largest 
pip,  and  firing  commenced  at  11:46. 
Hits  were  observed  after  the  first 
salvo,  and  the  target  was  hit  contin¬ 
uously  thereafter  until  it  sank  at 
11:50.  In  similar  fashion  our  ships 
knocked  out  the  other  four  enemy 
vessels  one  by  one,  with  full  radar 
control.  At  12:01  the  radar  screens 
showed  no  more  targets  and  the  or¬ 
der  was  given  to  cease  firing.  The 
role  of  sonar  in  contributing  to  the 
sinking  of  2,500,000  tons  of  Japanese 
shipping  was  similarly  emphasized. 

In  the  early  days  of  the  war  19 


Official  announcament  of  the  Signal  Corps  radar  contact  with  the  moon  was  made  at  the  IRE  banquet  by  Major  General  Van 
Deusen.  Below,  left,  is  a  photo  of  the  indicator  scope,  showing  the  strong  half -second  transmitted  pulse  and  the  echo  from  the  moon 
(at  extreme  right  of  the  trace)  receired  2.4  seconds  later.  The  equipment  used  3-kw  pulses  on  111.6  me  and  recelTod  echos  over  a 
Tory  narrow  bandwidth  (SO  cps)  to  limit  noise  to  about  0.01  microTolt  In  the  photo  at  the  right  ore  Lt.  CoL  J.  H.  DeWitt,  Jr„  who 
directed  Signal  Corps  work,  and  Dr.  George  Valley  of  the  Radiation  Laboratory  staff  witii  Don  Fink.  executiTe  editor  oi 
ELECTRONICS,  who  were  called  in  to  check  findings  before  official  announcement  was  mode 


Held  concurrently  with  the  IRE  technical 
sessions  was  the  first  large-scale  exhibit 
of  postwar  electronic  equipment.  135  firms 
d' splaying  their  merchandise  on  two  floors 
of  the  Hotel  Astor  in  New  York  January 
20-26.  Pictured  here  is  a  typical  scene 
around  the  booths 


early  gear.  General  principles  of 
sonar  were  described,  along  with  an 
early  quartz-steel  projector,  a  later 
magnetostriction  projector,  and  a 
new  Rochelle-salt  crystal  projector 
having  a  mosaic  of  crystal  blocks  in 
series-parallel.  Some  of  the  sea¬ 
water  refraction  and  attenuation 


“human  servos”  were  required  to  op¬ 
erate  a  battery  of  our  antiaircraft 
guns.  Now  a  mechanized  team  con¬ 
sisting  of  the  SCR-584  radar,  an  elec- 
tronic  gun  director,,  and  the  proxim- 

Iity  fuse  makes  such  batteries  almost 
completely  automatic  in  operation. 
Captain  F.  B.  MacLaren  of  Army 
Ordnance  described  the  electrical  and 
hydraulic  servos  used,  and  pointed 
out  that  batteries  so  equipped  got  89 
;  out  of  the  91  buzz  bombs  that  came 
j  over  England  in  the  last  six  days  of 
[  the  flying-bomb  attack.  Further  im¬ 
provement  in  the  effectiveness  of  our 
antiaircraft  guns  involved  increased 
projectile  velocity  and  the  use  of 
homing  devices  still  in  the  secret 
category. 

Infrared  and  Sonar 

Infrared  communication  is  now 
f  about  at  the  stage  of  radio  in  the 
;  spark-gap  days  according  to  Com- 
I  mander  J.  M.  Fluke,  of  the  Bureau 
^  of  Ships.  It  nevertheless  has  mili- 

Itary  potentialities  because  it  provides 
line-of-sight  communication  that 
will  go  only  just  so  far,  with  no  skip- 
.  ping  or  other  transmission  phenom¬ 
ena  to  make  interception  or  jamming 
easy.  It  is  only  good  for  night  work 
at  present,  however,  and  will  not 
penetrate  haze  or  fog  as  readily  as 
it  does  clear  atmosphere.  Various 
systems  were  described,  including 
the  latest  version  using  a  new  thallo- 
sulfide  cell  having  high  sensitivity 
to  infrared  in  the  0.8-1. 2  micron 
range.  A  caesium  lamp  used  with 
plastic  Alters  shows  most  promise  at 


the  moment  as  an  infrared  source 
that  can  be  modulated  at  voice  fre¬ 
quencies. 

Captain  R.  Bennett  of  the  Bureau 
of  Ships  traced  the  history  of  under¬ 
water  sound  from  1917  up  to  1941 
and  showed  illustrations  of  typical 


A  brief  review  of  international 
and  domestic  frequency  allocations 
was  given  by  Paul  D.  Miles  of  the 
FCC,  flrst  speaker  at  a  second  open¬ 
ing  session.  He  described  the  steps 


problems  confronting  sonar  engi¬ 
neers  were  outlined.  The  need  for 
further  improvements  was  empha¬ 
sized  in  view  of  the  fact  that  atomic 
bombs  may  make  the  submarine  an 
even  more  important  vessel  than  ever 
before. 


taken  in  the  past  two  years  by  this 
country  in  preparing  for  the  next 
international  conference  on  telecom¬ 
munications.  During  a  discussion  of 
problems  yet  to  be  solved,  an  innova- 


IRE  PAPERS  PRESENTED,  AND  ADSTRACTED  HERE 

MILITARY  APPLICATIONS 

Navy  Radio  and  Elactronics  During  World  War  II . by  J.  B.  Dow,  Bureau  of  Ships 

Role  of  Elactronics  in  Antiaircraft  Gunfire  Control . by  F.  G.  MacLaren,  Frankford  Arsenal 

Developments  in  Light-wave  Communications . by  J.  M.  Fluke  and  N.  E.  Porter,  Bureau  of  Ships 

Basic  Principles  of  Underwater  Sound  Equipment  Design . by  R.  Bennett,  Bureau  of  Ships 

F-M  AND  A-M 

Frequency  Allocations . . bv  P.  D.  Miles,  FCC 

Field  Intensities  at  45.5  and  91  Me.  by  C.  W.  Carnahan,  N.  W.  Aram  and  E.  F.  Classen,  Zenith  Radio 
P-M  and  F-M  Method... by  R.  Adler,  Zenith  Radio,  F.  M.  Bailey  and  H.  P.  Thomas,  General  Electric 
Antenna  for  F-M  Station  WGHF . by  A.  Alford,  consultant 

CIRCUITS  AND  THEORY 

New  Angular-Velocity  Modulation  System  Employing  Pulse  Techniques. .by  J.  F.  Gordon,  Bendix  Radio 

Pulse-Time  Modulation  Radio  Relay  System . (Motion  Picture)  Federal  Telecommunication 

Stagger-Tuned  Wide-Band  Amplifiers .  . by  H.  Wallman,  MIT 

Electronic  Frequency  Stabilization  of  Microwave  Oscillators . by  R.  V.  Pound,  MIT 

TELEVISION 

Television  in  the  Ultra-High  Frequencies . by  P.  C.  Goldmark,  CBS 

Television  Studio  Equipment . by  J.  J.  Reeves,  CBS 

Sight  and  Sound  on  One  Carrier . by  K.  Schletinger,  CBS 

UHF  Television  Transmitters  and  Antennas . by  R.  Serrel,  CBS 

UHF  Television  Receivers . by  H.  T.  Lyman,  CBS 

Electro-Optical  Characteristics  of  Television  Systems . by  O.  H.  Schade,  RCA  Victor 

Kinescope  for  Home  Projection-Type  Television  Receivers . by  L.  E.  Swedlund,  RCA  Victor 

C-R  Tubes  With  Metal-Backed  Screens . by  D.  W.  Epstein  and  L.  Penseii,  RCA  Labs. 

Image  Orthicon . by  A.  Rose,  P.  K.  Weimer  and  H.  B.  Law,  RCA  Labs. 

(Contmued  on  next  page) 
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NAVIGATION  AIDS 

Introduction  to  Hyparbollc  Navigation . by  J.  A.  Plarca,  MIT 

Ground-Controllad  Approach . by  E.  Storrs,  W.  Davitt,  and  B.  Graan,  Wataoa  Labs. 

Aircraft  Automatic  Position  Plottar . by  A.  C.  Ombarg  and  W.  L  Wabb,  Bandit  Radio 

Pulsa  Altimatar . by  I.  Wolff.  W.  D.  Harshbargar.  G.  W.  Lack  and  R.  R.  Walsh.  RCA  Ubt. 

F-M  Altimatar _ by  W.  R.  Marcar,  R.  C.  Sandars,  Jr.,  Raythaon,  I.  Wolff  and  J.  C.  Smith  RCA  Labs. 

Thaory  and  Application  of  tha  Radar  Baacon..by  R.  D.  Huitgran  and  L  B.  Hallman.  Watsoa  Labs. 

VisuaMndicating  Radio  Diraction  Findar . by  A.  Scandurra  and  S.  Stibar,  Evans  Laboratory 

Fraquancy,  Powar  and  Modulation  for  Navigation  Systams..by  P.  R. Adams, Fadaral  Talacommunication 

VACUUM  TUBES 

Joint  Elactron  Tuba  Enginaaring  Council . by  O.  W.  Pika,  JETEC 

Trioda  for  MO  MC . by  S.  Frankal,  J.  Glaubar  and  J.  Wallanstain,  Fadaral  Talacommunication 

Microwava  Triodas  Adaptao  to  Modarn  Usaga . by  E.  Goodall,  Sylvania  Elactric 

C-W  Powar  at  VHF . by  W.  G.  Dow,  J.  N.  Dyar.  W.  W.  Salisbury  and  E.  A.  Yunkar,  Harvard 

Dasign  of  Small-Siza  High-Voltaga  Ractifiar  Typa  IZ2 . by  G.  Bakar,  National  Union 

Glass  Problams  in  Manufactura  of  Mlniatura  Tubas . by  H.  J.  Millar,  RCA  Victor 

MICROWAVE  VACUUM  TUBES 

Microwava  Magnatrons  . by  G.  B.  Collins.  MIT 

Magnatron  Catnodas . by  M.  A.  Pomarantz,  Bartol  Foundation 

Sacondary-Emission  Cathodas  by  J.  W.  McNall,  H.  L  Staala,  Jr.  and  C.  L.  Shacklaford,  Wastinghousa 
Cascada  Amplifiar  Klystrons . by  E.  C.  Lavinthal,  Sparry  Gyroscopa 


ANTENNAS 

Dasign  Considarations  in  Broadsida  Arrays . by  J.  Ruza,  Evans  Laboratory 

Baam-Shaping  Mathods  in  Antanna  Dasign  .  by  L  C.  Van  Atta,  MiT 

Matal-Lans  Antannas . by  W.  E.  Kock,  Ball  Talaphona 

Modal  Aircraft  Antanna  Maasuramants.  .by  G.  Sinclair,  E.  W.  Vaughan  and  E.  C.  Jordan,  Ohio  Stata 
Broad-Band  Antannas  and  D-F  for  VHF  by  A.  Alford,  J.  D.  Kraus,  A.  Dorna  and  J.  Christansan,  Harvard 

RADAR 

Airborna  tntarcaption  Equipmant . by  P.  E.  Koanig,  Wright  Hald 

Naval  Airborna  Radar . by  L  V.  Barknar,  Buraau  of  Aaronautics 

Radar  Aspacts  of  Naval  Fira  Control . D.  P.  Tuckar,  Buraau  of  Ordnanca 

Radar  Aircraft  Fira-Control  Systams . by  E.  A.  Massa,  1.  Paganalli  and  FriKl  A.  Bast,  Jr..  ATSC 

Elactronics  in  Naval  Warfara . by  R.  Bannatt,  Buraau  or  SMps 

Radar  Modal  XAF . 1^  It  M.  Paga,  Naval  Rasaardt  Lab. 

Tast  Equipmant  for  Airborna  Radar  Fiald  Maintananca . by  E.  A.  Blasi  and  G.  C.  Schutz,  ATSC 

MICROWAVE  TECHNIQUES 

From  Wiring  to  Plumbing . by  E.  M.  Purcall,  MIT 

Microwava  Powar  Maasuramant. . .  . by  T.  Morano  and  O  C.  Lunds^om,  Sparry  Gyroscopa 

Oiractional  Couplars . by  W.  W.  Mumford,  Ball  Talaphona 

Spectrum  Analyzer  for  Microwava  Pulsed  Oscillators . by  F.  J.  Gaffney,  PIB  Products 

Matalizad  Glass  Attenuators . by  E.  Wabar,  Brooklyn  Poly 

Thraa-Beam  Oscillograph  for  Recording  Up  to  10,000  Me . by  Gordon  M.  Laa,  Central  Rasaarca 

Equivalent  Circuits  for  Wave-Guide  Structures . by  J.  Schwinger,  MIT 

CRYSTAL  RECTIFIERS 

Microwava  Converters . by  C.  F.  Edwards,  Ball  Talaphona 

Crystal  Rectifiers  in  Suparhaterodyna  Receivers . by  H.  C.  Torray,  MIT 

Noise  Spectrum  of  Crydal  Mixers . by  P.  H.  Millar,  Univ.  of  Pennsylvania 

INDUSTRIAL  ELECTRONICS 

New  High-Speed  Recording  Potantiomatar .  by  V.  L  Parsagian,  Tagilaboa 

Speadomax  Powar-Laval  Recorder . by  A.  J.  Williams,  Jr.,  and  W.  R.  Clark,  Leads  and  Northrup 

Linear  Servo  Thaory . by  R.  L  Graham,  Ball  Talaphona 

New  System  of  Radio  Telemetering . ^ . by  D.  W.  Moore,  Jr,  Fairchild  Camara 

One-Millionth  Second  Radiography  and  Its  Applications . by  C.  M.  Mack,  Wastinghousa 

Duplex  Operation  of  Oscillators  for  Induction  Heating . by  W.  C.  Rudd,  Induction  Heating 

COMMUNICATION  SYSTEMS  AND  RELAYS 

Naval  Wartime  Communications  Problams . by  J.  O.  Kinart,  Naval  Operations 

VHF  and  UHF  Receivers  for  tha  Naval  Service .  . by  T.  McL  Davis,  Naval  Research  Lab. 

Multichannel  Microwava  Radio-Relay  Equipments  for  tha  Army.... by  R.  E.  Lacy,  Colas  Signal  Lab. 

Enemy  Radio  and  Radar  Equipmant . by  E.  L  Luka  and  J.  C.  Link,  Naval  Research  Lab. 

VHF  Receivers.  .G.  E.  Hulstada,  J.  M.  PattH,  H.  E.  Ovarackar,  K.  Spanganbarg,  R.  R.  Buss,  Harvard 


RADIO  PROPAGATION 

Propagation  Research  and  Application . by  J.  H.  Dellinger  and  N.  Smith,  Buraau  of  Standards 

Role  of  Atmospheric  Ducts  in  Propagation  of  Short  Radio  Waves . by  J.  E.  Fraahafar,  MIT 

Propagation  Maasuramants . by  M.  Katzin,  R.  W.  Bauchman  and  W.  Binnian,  Naval  Research  Lab. 

Maasuramant  of  Anglo  of  Arrival  of  Microwaves . by  W.  M.  Sharplass,  Ball  Talaphona 

Microwava  Propagation . by  S.  D.  Robertson,  A.  P.  King  and  6.  E.  Mueller,  Ball  Talaphona 

BROADCAST  RECEIVERS 

impulse  Noise  in  Ideal  F>M  Receivers . by  D.  B.  Smith,  Phltco 

Discriminators  for  F-M  Racaivars . by  S.  W.  Saalay,  RCA  Labe. 

CapacHanca-Couplad  l-F  Amplifiers . by  M.  J.  Larsen,  L  L  Merrill,  Strombarg-Carlson 

Miniature  Tubas  for  F-M  Conversion.... by  R.  M.  Cohan,  R.  C.  F^ln  and  C.  M.  Morris,  RCA  Victor 
Magnetic  Recorder  as  an  Adjunct  to  tha  Home  Racaivar . by  S.  J.  Begun,  Brush  Development 


QUARTZ  CRYSTALS 

Standardization  for  Military  Equipmant . by  C.  J.  Millar,  Jr.,  Squiar  Signal  Lab. 

Characteristics  of  Crystals . by  W.  D.  George,  M.  C.  Selby  and  R.  Scolnik,  Buraau  of  Standards 

Analysis  of  tha  SImpm  Crystal  Filtar . by  A.  H.  Rost,  Squiar  Sgnal  Lab. 

H-F  Plated  Quartz-Crystal  Units . by  R.  A.  Sykes,  Ball  Labs. 


tion  introduced  at  the  Cairo  Confer¬ 
ence  and  intended  to  satisfy  the 
broadcasting  needs  of  certain  tropi- 
cal  areas  which  cannot  effectively 
use  the  standard  band  was  men¬ 
tioned.  Such  operations  have  re¬ 
sulted  in  severe  interference  to  our 
fixed  and  mobile  communications. 
Use  of  f-m  was  urged  as  the  ultimate 
solution. 

When  considering  the  postwar  al¬ 
location  problem,  it  became  necessary 
to  examine  all  radars  in  existence 
and  in  development  to  decide  which 
ones  would  probably  prove  most  suit¬ 
able  for  postwar  civil  applications. 
Bands  have  been  established  at  420- 
460,  950-1,215,  1,600-1,700,  2,700- 
3,700,  4,000-4,200,  and  8,500-10,000 
me.  Several  systems  for  long-range 
air  and  surface  navigation,  such  as 
loran,  “decca”,  “popi”,  and  “gee” 
were  discussed  at  the  Third  Common¬ 
wealth  and  Empire  Conference  on 
Radio  for  Civil  Aviation,  London 
August  1945.  The  conference  at¬ 
tempted  to  determine  which  should 
be  proposed  as  a  worldwide  system. 
Loran  was  so  designated  but,  accord¬ 
ing  to  the  speaker,  limited  usefulness 
over  land  indicates  that  it  may  not 
provide  a  final  solution.  Certain  ele¬ 
ments  in  the  United  Kingdom  are  in¬ 
clined  toward  decca,  console  or  popi, 
principally  because  such  systems  do 
not  require  special  receivers  and  are 
said  to  be  more  economical  to  operate. 

The  United  States  proposes  that 
the  next  conference  should  effect  the 
establishment  of  a  permanent  Inter¬ 
national  Frequency  Registration 
Board,  to  be  composed  of  five  mem¬ 
bers  and  three  alternates  to  be 
elected  by  the  conference  as  custo¬ 
dians  of  an  international  public 
trust,  to  undertake  the  task  of  effect¬ 
ing  the  international  registration  of 
frequencies. 

Results  of  a  field  monitoring  sur¬ 
vey  using  transmissions  from  f-m 
station  WMFM  on  45.5  me  and  an  e.\- 
perimental  transmitter  on  91  me 
were  presented  by  C.  W.  Carnahan 
of  Zenith.  Receiving  antennas  con¬ 
sisted  of  half-wave  folded  dipoles  at 
both  frequencies  and,  since  a  typical 
receiver  would  have  a  limiting  sensi¬ 
tivity  of  not  less  than  10  ftv,  it  was 
decided  to  base  conclusions  on  a  five 
/iV  per  meter  strength  on  44.5  me 
and  a  ten  fxv  per  meter  field  strength 
at  91  me.  The  average  signal  on  45.5 
me  was  above  the  specified  value  100 
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Field  intensities  of  two  f-m  transmitters  recorded  at  Deerfield,  Illinois.  The  average 
45.5-mc  signal  is  well  abore  the  predicted  ralue.  while  the  91 -me  signal  is  below  it 

most  of  the  time 


percent  of  the  time,  but  the  average 
signal  on  91  me  was  below  specified 
value  about  35  percent  of  the  time. 
The  condition  in  which  the  signal 
was  below  the  receiver  limiting  level 
was  called  dropout  and  this  condi¬ 
tion  existed  for  13  percent  of  the 
time  on  45  me  and  73  percent  of  the 
time  on  91  me. 

New  Techniques 

A  cylindrical  antenna  that  has 
been  installed  at  Finch  station 
WGHF,  New  York,  was  described  by 
Andrew  Alford,  formerly  with  the 
Radio  Research  Laboratory.  The 
antenna  makes  use  of  a  slot,  voltage 
across  the  short  dimension  of  the  slot 
producing  currents  that  radiate  when 
the  slot  is  resonant.  The  radiation 
is  horizontally  polarized  and  essen¬ 
tially  omni-directional.  One  radiat¬ 
ing  element  gives  considerable  gain 
over  a  dipole  in  the  vertical  plane. 
The  cylindrical  antenna  is  11  ft  high 
and  acts  electrically  like  a  stack  of 
loops  mounted  one  above  another. 
The  bandwidth  is  satisfactory  for 
frequency  modulation  but  not  wide 
enough  for  television  without  com¬ 
pensation.  The  driving-point  imped¬ 
ance  is  capacitive,  and  when  induct¬ 
ance  is  added  it  is  175  ohms  for  the 
single  unit.  A  double-ended  unit 
which  has  a  driving  point  impedance 
of  100  ohms  was  also  described. 

A  new  method  of  obtaining  fre¬ 
quency  modulation  with  a  recently 
developed  “Phasatron”  tube  was  dis¬ 
cussed  by  Robert  Adler  of  Zenith, 
who  described  the  construction  of  the 
first  experimental  tube  and  traced 
the  successive  improvements  that  re¬ 
sulted  in  a  final  laboratory  model. 


This  was  used  as  a  phase  modulator 
in  a  transmitter  to  drive  a  6AC7 
quadrupler  at  8.4  me.  The  trans¬ 
mitter  delivered  about  25  watts  at 
33.5  me  and  contained  four  tubes. 

The  development  of  a  production 
tube  from  the  experimental  model 
was  described  by  F.  M.  Bailey  of  GE. 
The  main  step  in  this  development  in¬ 
volved  simplification  of  the  Adler 
tube  by  substituting  a  unipotential 
surface  for  the  upper  three-phase 
deflector  electrode  (called  the  “neu¬ 
tral  plane”).  This  change  made  it 
possible  to  make  the  tube  single- 
ended.  The  suppressor  grid  was 
eliminated  and  internal  shielding  in¬ 
troduced.  Mechanical  features  ot  the 
production  model,  including  the  de¬ 
flectors,  were  presented. 


The  application  of  the  Phasatron 
tube  to  a  commercial  f-m  broadcast 
transmitter  was  covered  by  H.  P. 
Thomas  of  GE.  The  transmitter  has 
250  watts  output  and  is  planned  for 
use  as  an  exciter  for  high-pow’er 
transmitters  as  well  as  for  a  complete 
low-power  unit.  An  overall  multipli¬ 
cation  of  only  432  is  required,  com¬ 
pared  to  7,000  w’ith  conventional 
phase  modulators.  No  heterodyning 
is  needed.  The  phase-splitting  cir¬ 
cuit  was  described  in  detail.  The 
audio  channel,  which  consists  of  two 
twin  triodes,  produces  output  cur¬ 
rent  inversely  proportional  to  the 
modulating  frequency  in  the  field 
coil  (because  of  the  inductance  of 
that  coil)  and  so  provides  frequency 
modulation  directly. 


Circuit  Developments 


Pulse  techniques,  wide-band  ampli¬ 
fiers,  and  microwave  oscillators  have 
come  into  their  own  through  new  cir¬ 
cuit  developments.  This  became  ap¬ 
parent  soon  after  Keith  Henney, 
Editor  of  Electronics  and  Acting 
Chairman  of  the  third  opening  ses- 
«ion,  started  it  off. 

An  interesting  method  of  obtain¬ 
ing  an  f-m  crystal-controlled  car¬ 
rier  was  described  by  J.  F.  (Jordon  of 
Bendix.  The  modulation  circuit  con¬ 


sists  of  a  symmetrical  multivibrator, 
synchronized  by  a  pulse  developed 
from  a  crystal  oscillator.  The  elec¬ 
trical  symmetry  is  upset  by  the 
modulation  signal.  In  this  way  the. 
crossover  time  of  the  multivibrator 
is  changed,  giving  rise  to  time-modu¬ 
lated  pulses.  These  pulses  control 
the  phase  of  the  r-f  carrier  generated 
by  a  class-C  amplifier.  The  phase- 
modulated  carrier  is  multiplied  be¬ 
fore  being  amplified,  thereby  obtain¬ 


ing  the  necessary  frequency  devia¬ 
tion.  The  system  has  advantages  of 
large  deviation  and  freedom  from 
amplitude  modulation.  (Jhief  design 
problem  is  to  obtain  a  multivibrator 
whose  crossover  time  is  a  linear  func¬ 
tion  of  grid  voltage  on  one  tube. 

F-T-M.  Wid«boad  Anpli««rs 

A  motion  picture  illustrating  the 
system  functions  of  pulse-time  mod¬ 
ulation  w’as  presented  by  the  Federal 
Telecommunication  Laboratories.  In 
introducing  the  film.  D.  D.  Grieb  ex¬ 
plained  that  pulse-time  modulation 
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Television  Advances 

scried  by  Peter  Goldmark  uses  525 
lines  per  frame  and  has  a  field  fre- 

Two  important  developments  high-  of  pick-up  devices  and  yield  pictures  quency  of  120  frames  per  second, 
lighted  recent  research  in  television,  of  improved  contrast  and  brilliance  xhe  several  television  papers  deliv- 
as  described  in  a  series  of  papers  by  shared  the  limelight.  ered  bv  Messrs.  Reeves  Serrell  and 

CBS  and  RCA  engineers.  Advanced  Since  the  end  of  1945  CBS  has  had  Lyman  of  CBS  gave  the  details  of 
sj'stem  designs  for  color  television  in  operation  at  W2XCS  a  uhf  tele-  the  uhf  transmitters  and  antennas 
at  490  me  vrere,  perhaps,  the  most  vision  transmitter  operating  on  490  employed  as  well  as  details  concern- 
startling  of  the  developments  dis-  me  Avith  an  effective  poAver  output  of  ing  receivers  and  studio  equipment, 
cussed,  but  improvements  in  black-  about  4  kw.  This  will  be  increased  to 

and-white  camera  and  receiving  20  kw  after  nevr  antennas  are  in-  Mod«lafio« 

tubes  which  increase  the  sensitivity  stalled.  The  three-color  system  de-  Kurt  Schlesinger  described  a 
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Time  •  modulated  pulses  from  crystal- 
controlled  multiTibrotor  excite  class  C 
amplifier  producing  ph<zse*modulated  car¬ 
rier.  Pulse  must  be  sharp  enough  to  give 
strong  excitation,  but  not  so  sharp  as  to 
excite  spurious  oscillortions. 

consists  of  scanning  discretely  at  a 
supersonic  rate  the  signal  to  be 
transmitted.  In  multiplex,  the  dis¬ 
crete  portions  of  each  of  several  sig¬ 
nals  are  time-interlaced  in  sequence. 

The'  pulse  method  of  intelligence 
transmission  has  the  advantages  of 
eliminating  cross-talk  arising  from 
circuit  nonlinearities,  freedom  from 
distortion  in  multiple  relaying  and 
reduced  noise  interference.  Of  spe¬ 
cial  interest  in  the  system  is  the 
cyclophon  tube.  By  means  of  this 
tube  the  multiplex  signal  is  separ¬ 
ated  into  its  several  channels  and 
the  time-modulated  pulses  are  con¬ 
verted  to  intensity  variations  of  the 
familiar  type  handled  in  communi¬ 
cation  circuits.  The  system  is  cap¬ 
able  of  transmitting  direct  currents 


for  dial  selection  over  wireless  links. 

Wideband  amplifiers  can  be  de¬ 
signed  using  single-tuned  coupling 
sections,  if  they  are  stagger-tuned. 
The  technique,  as  described  by  H. 
Wallman,  Radiation  Laboratory,  af¬ 
fords  greater  gain-bandwidth  than 
synchronous-tuned  amplifiers.  By  se¬ 
lection  of  the  proper  individual  mid¬ 
dle  frequencies  and  selectivities,  flat- 
top  transmission  characteristics  can 
be  obtained ;  much  higher  gain-band¬ 
width  factors,  however,  are  obtain¬ 
able  if  a  few  db  variation  in  gain 
over  the  band  can  be  tolerated.  Us¬ 
ing  cascade  pairs  of  three-stage, 
stagger-tuned  amplifiers,  bandwidths 
up  to  20  me  at  center  frequencies  in 
the  hundreds  of  megacycles  have 
been  obtained,  with  gains  of  from 
80  to  100  db.  Stagger-tuned  ampli¬ 
fiers  are  aligned  by  conventional  pro¬ 
cedures  carried  out  successively  at 
each  of  the  middle  frequencies  of  the 
resonant  couplings. 

Stabilixed  Microwave  Oscillators 

Microwave  oscillators  must  be  fre¬ 
quency  stabilized  against  rapid,  ran¬ 
dom  frequency-modulation.  The  fluc¬ 
tuations  can  be  controlled  by 
electronic  frequency  stabilizers  de¬ 
scribed  by  R.  V.  Pound,  Radiation 
Laboratory.  The  technique  consists 
of  comparing  the  oscillator  output 
frequency  with  that  of  a  highly  se¬ 
lective  cavity.  Essential  to  the  oper¬ 
ation  of  the  method  is  a  hvbrid-T 


Hybrid  or  magic  T  waveguide  section 
feeds  two  channels  from  one.  no  signal 
appears  in  fourth  channel.  Signal  entering 
ert  any  channel  goes  out  two  adjacent 
channels  but  not  out  opposite  channel  > 

(“magic  tee”)  waveguide  section.  In 
the  frequency-stabilization  circuit, 
the  oscillator  output  is  fed  by  a  tee 
to  a  crystal  detector  and  to  the  com¬ 
parison  resonator.  The  resonator 
returns  to  the  system  the  frequency 
to  which  it  is  tuned.  This  signal  is 
separated  by  the  hybrid-T  and,  in 
one  system,  amplitude  modulated. 
One  sideband  so  produced  is  deliv¬ 
ered  by  the  hybrid-T  to  the  first-men¬ 
tioned  crystal  detector,  where  it 
produces  a  heterodyne  signal  repre¬ 
sentative  of  the  oscillator  frequency 
error  which  is  used  to  correct  the 
oscillator  frequency. 

This  method  of  frequency  stabiliz¬ 
ation  has  the  advantage  that  an  in¬ 
telligence  signal  can  be  applied  in 
series  with  the  stabilization  potential 
to  produce  frequency  modulation 
about  the  stabilized  frequency. 


Sequence  of  wave-shaping  steps  in  producing  frequency  modulation  without  amplitude 

modulation 
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method  of  pulse-frequency  modula¬ 
tion  which  simplifies  receiver  tuning, 
makes  the  receiver  more  stable  in  op¬ 
eration,  and  eliminates  the  need  for 
separate  i-f  channels  for  video  and 
audio  signals^  The  single-carrier 
( duplex)  receiver  has  the  advantages 
of  smaller  chassis  size  and  less  cost 
than  double-channel  i-f  systems  pre¬ 
viously  used.  The  single-carrier  sys¬ 
tem,  which  enables  video  and  audio 
channels  to  be  incorporated  in  the 
same  carrier  by  sandwiching  the 
audio  signals  between  successive 
lines  of  the  video  signal,  is  suitable 
for  color  or  black-and-white  televi¬ 
sion  signals. 

Two  types  of  color  television  re¬ 
ceivers  have  been  used  in  experi¬ 
ments.  One  employs  a  kinescope  and 
viewing  lens  producing  an  image 
about  letter-head  size.  The  other 
uses  a  projection  kinescope  and 
Schmidt  optical  system  to  produce  an 
image  15  by  21  inches  in  size.  In 
both  cases  Wratten  tricolor  filters 
are  used  in  the  color  disk  to  produce 
the  image  in  full  color. 

Manufactured  by  Federal  Tele¬ 
phone  and  Radio,  the  CBS  transmit¬ 
ter  has  a  bandwidth  from  0  to  10  me. 
The  actual  power  output  is  1  kw, 
which  is  increased  fourfold  by  a  di¬ 
rective  antenna.  The  transmitter 
makes  extensive  use  of  the  6C22  tube, 
developed  during  the  war  and  previ¬ 
ously  known  as  the  L600N. 

Since  December  20,  CBS  has  had 
in  operation  a  transmitter  for  study- 
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New  Kinescope  with  reflecting  metallic 
film  showing  gain  due  to  improTed  dis¬ 
tribution  of  light 

ing  wave  propagation  as  a  further 
aid  in  the  development  of  uhf  com¬ 
munication.  This  transmitter  oper¬ 
ates  on  a  carrier  frequency  of  700 
me  with  300-cps  pulse  modulation, 
and  has  a  power  output  of  600  watts. 
Various  receiving  observation  sta¬ 
tions  are  located  along  the  east 
coast  from  New  York  to  Florida  and 
an  observing  post  is  also  maintained 
at  New  Orleans. 

Improved  Video  Tubes 

A  systematic  study  of  the  electro- 
optical  characteristics  of  television 
systems,  discussed  by  0.  H.  Schade 
of  RCA,  pointed  the  way  toward  im¬ 
provements  in  pick-up  tubes.  Thin 
films  of  aluminum,  i  to  2  microns 
thick,  on  the  inner  surface  of  the 
fluorescent  screen,  result  in  marked 
improvement  in  the  brightness  and 
contrast  of  orthicon  and  kinescope 
tubes.  To  be  effective,  the  aluminum 
coating  must  be  smooth,  mirror-like 


and  opaque  to  light.  At  the  same 
time  it  must  be  transparent  to  elec¬ 
trons.  The  desired  characteristics 
are  obtained  by  coating  the  inner 
surface  of  the  screen  with  an  organic 
film  and  depositing  the  aluminum  on 
this  preliminary  surface. 

The  thin  metallic  deposit  protects 
the  fluorescent  screen,  eliminates  the 
ion  spot  which  has  characterized 
kinescopes  of  the  past,  and  improves 
contrast  by  reducing  stray  light  and 
reflections  within  the  tube.  In  ad¬ 
dition,  the  conductive  coating  avoids 
secondary  emission.  The  new  and  old 
types  of  tube  screens  were  shown  in 
slides  illustrating  a  paper  by  Epstein 
and  Pensak  of  RCA. 

Projection  picture  tubes  operat¬ 
ing  at  30  kv  for  home  receivers  and 
70  kv  for  theater  use,  both  produc¬ 
ing  high-intensity  light  and  using  a 
Schmidt  optical  system,  have  been 
developed  for  projection  television 
and  were  described  by  L.  E.  Swed- 
lund  of  RCA  Victor.  The  5TP4  is  an 
example  of  a  commercial  high-intens¬ 
ity  projection  television  tube. 

An  Image  Orthicon,  described  by 
Albert  Rose  of  RCA,  approaches  in 
intensity  the  theoretical  limit  of 
pickup  tube  sensitivity.  A  very  ef¬ 
fective  demonstration  which  was 
given  showed  that  usable  television 
images  could  be  produced  with  the 
new  Image  Orthicon  when  the  illum¬ 
ination  of  a  single  candle  lighted  the 
source.  The  distance  between  source 
and  object  was  about  2  feet. 


Navigation  Aids 


The  Loran  system  of  pulsed  hyper¬ 
bolic  navigation  has  provided  ac¬ 
curate  fixes  for  ships  up  to  1,400  nau¬ 
tical  miles  from  shore,  operating  on 
1,950  kc.  J.  A.  Pierce  of  Radiation 
Laboratory  revealed  that  experi¬ 
mental  developments  using  a  fre¬ 
quency  of  180  kc  have  potentially 
extended  loran  coverage,  especially 
over  land,  although  the  accuracy  be¬ 
comes  somewhat  less  at  .long  dis¬ 
tances.  However,  a  new  technique 
which  matches  individual  r-f  cycles 
instead  of  pulse  envelopes  has  yielded 
average  line-of-position  errors  of 
only  160  feet  at  a  distance  of  750 
miles. 

During  the  discussion  a  transat¬ 


lantic  circuit  was  opened  up  to  a 
meeting  of  the  lEE  in  London.  IRE 
President  Llewellyn  exchanged  greet¬ 
ings  with  Dr.  Dunsheath,  president 
of  the  British  lEE.  In  conclusion. 
Sir  Robert  Watson-Watt  in  New 
York  praised  the  value  of  loran  and 
its  British  complementary  high-fre¬ 
quency  system,  gee. 

P.  R.  Adams,  Federal  Telecom¬ 
munications,  summed  up  propaga¬ 
tion  and  noise  information,  new  and 
old,  to  conclude  that  for  a  non-pulsed 
type  of  navigation  system  reliable  up 
to  1,500  miles  the  best  radio  fre¬ 
quency  is  probably  17  kc. 

Determination  of  a  fix  by  deter¬ 
mining  the  direction  of  arrival  of 


signals  from  two  transmitters  of 
known  locations  and  the  correlation 


WGHT-TIME  SERVICE  AREA  9* 
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Growth  of  Loran  serrice  area,  night-time 
(maximum  coTerage) 
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of  this  information,  first  changing 
polar  coordinates  into  rectangular, 
was  outlined  by  A.  C.  Omberg  of 
Bendix.  Automatic  computation  and 
presentation  results  in  a  light  spot 
cast  upward  through  map  of  the  re¬ 
gion  to  show  the  position  of  the 
plane. 

L.  B.  Hallman,  Jr.,  and  Captain 
R.  D.  Hultgren,  Watson  Labora¬ 
tories,  presented  the  elements  and 
possible  uses  of  secondary  radar  sys¬ 
tems,  usually  known  as  beacons.  Con¬ 
sisting  of  receiver-triggered  ground- 
station  transmitters,  the  beacons,  or 
transponders,  may  be  used  singly  or 
in  groups  for  various  navigational 
functions  by  craft  equipped  with 
radar  iff  transmitters.  A  4-lb.  emer¬ 
gency  rescue  beacon  now  in  develop¬ 
ment  utilizes  the  system  in  reverse, 
permitting  the  use  of  more  accurate 
receiving  equipment  at  the  fixed  sta¬ 
tions. 

Regardless  of  its  future  value  as 
an  aid  to  aerial  navigation,  the 
ground-controlled-approach  system 
of  talking  a  pilot  down  a  glide  path 


Pictorial  block  diagram  of  two  loops,  flux 
gate  compass  and  integrating  mechanism 
which  driTes  a  c\irsor  to  project  a  light 
spot  upward  through  a  map 

has  already  saved  equipment  exceed¬ 
ing  the  cost  of  the  project,  and  many 
human  lives.  The  system  involves  a 
radar  set  with  an  antenna  pattern 
designed  to  look  up  and  over  local 
obstructions,  surveying  a  radius  of 
30  miles  to  an  altitude  of  4,000  feet. 
Once  the  plane  has  been  picked  up, 
deviations  from  the  glide  path  of  as 
little  as  7  feet  at  2  miles  are  visually 


presented  on  numbered  scales  to  a 
controller  who  informs  the  pilot  by 
ordinary  radiophone.  Army  equip¬ 
ment  described  by  Ernest  Storrs, 
Watson  Laboratories,  ,  requires  a 
7-man  crew,  weighs  48,000  lb.  and 
costs  $200,000. 

A  battery-operated,  jeep-mounted, 
cross-loop  direction  finder  with  ver¬ 
tical  sense-antenna  has  been  pro¬ 
duced,  giving  cathode-ray  tube  indi¬ 
cation  accurate  to  1  degree  under 
ideal  conditions.  Directivity  of  re¬ 
ceived  signals  in  the  range  1.5-18  me 
was  described  by  Aldo  Scandurra. 
His  associate,  Samuel  Stiber  of 
Evans  Signal  Laboratory,  explained 
the  circuits  used  for  integrating  the 
signal  information. 

Evolutionary  development  of  the 
pulse-type  absolute  altimeter  to  a 
single-scale,  50,000-foot-indicating, 
30-lb.  equipment  was  traced  by  Irv¬ 
ing  Wolff  of  RCA  Princeton  Labora¬ 
tory.  J.  C.  Smith,  also  of  RCA,  de¬ 
scribed  a  later  f-m  model,  weighing 
24i  lb.,  operating  on  a  center  fre¬ 
quency  of  440  me. 


Vacuum  Tubes 


Outstanding  tube  developments  of 
the  war  period,  particularly  those 
techniques  involved  in  the  manufac¬ 
ture  of  types  for  the  generation  of 
high-power  continuous  waves  in  the 
microwave  region,  received  consider¬ 
able  attention  in  several  technical 
papers. 

0.  W.  Pike  of  the  Joint  Electron 
Tube  Engineering  Council  discussed 
activities,  aims  and  policies  of  his 
group.  The  Council  plans  to  set  up 
standards  for  the  industry,  publish 
data,  and  sponsor  an  educational 
program.  Committees  have  been  se¬ 
lected  to  handle  the  various  activ- 
ities.  Information  regarding  all 
phases  of  the  work  can  be  obtained 
by  writing  to  the  secretary  of 
JETEC  at  the  NEMA  headquarters 
in  New  York. 

Development  and  manufacture  of 
high-power  triodes  for  c-w  opera¬ 
tion  around  600  me  was  the  subject 
of  paper  by  S.  Frankel,  J.  Glauber 
and  J.  J.  Wallenstein  of  Federal 
Telecommunication.  The  liquid 
cooled  6C22  is  capable  of  generating 


500  watts  at  600  me  with  an  effi¬ 
ciency  of  35  percent.  This  c-w  type 
was  developed  from  earlier  pulse- 
type  tube  research. 

Everett  M.  Goodell  of  Sylvania  dis¬ 
cussed  the  development  of  the  disc- 
seal  tube.  Considerable  attention 
was  given  to  the  radical  differences 
existing  between  such  types  and 
more  conventional  tubes.  The  dis¬ 
cussion  included  in  detail  the  transi¬ 
tion  from  standard  tube  structures 
to  the  new  diodes  and  triodes  suitable 
for  efficient  operation  up  to  3,000  me. 


2C37  disc  Boal  triode  in  a  typical  quortar- 
wore  concantric  lin*  oscillator  circuit 


Three  triodes  were  shown,  the  2C37 
for  c-w,  the  2C36,  and  experimental 
tube  SB846B  for  pulsed  operation.  A 
novel  method  of  obtaining  internal 
feedback  by  coupling  studs  from  the 
plate  disc  to  the  grid  disc  is  em¬ 
ployed  in  the  2C36.  The  tubes  are 
designed  to  operate  in  concentric 
line  oscillators. 

J.  N.  Dyer  presented  the  first  of 
two  parts  of  a  paper  by  himself,  W. 
G.  Dow,  W.  W.  Salisbury  and  E.  A. 
Yunker,  all  of  Radio  Research 
Laboratory,  concerning  oscillators 
capable  of  generating  150  to  200 
watts  at  frequencies  up  to  2,500  me. 
Slides  showed  magnetrons  of  the 
liquid-cooled  type,  and  type-8012 
tubes  in  parallel-line  oscillators.  The 
second  part  of  the  paper,  presented 
by  W.  G.  Dow,  described  the  resna- 
tron  and  magnetrons  capable  of 
power  outputs  of  1,000  to  2,000  watts 
at  frequencies  from  500  to  4,000  me. 
It  was  stated  that  the  resnairon  op¬ 
erated  with  efficiencies  as  high  as  70 
percent  with  outputs  up  to  60  kw. 
Tuning  ranges  with  both  tubes  were 
given  as  1.5  to  1.  Bandwidths  as  low 
as  2  to  3  me  have  been  achieved  with 
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Transit  time  hat  been  reduced  by  modiii- 
cation  and  close  electrode  spacing  in  this 
txibe  designed  for  operation  around  600  me 


the  magnetron,  while  maximum 
bandwidth  with  the  resnatron  has 
been  4  me  at  500  me. 

Miniature  Types 

George  Baker  of  National  Union 
discussed  design  problems  in  the  de¬ 
velopment  of  miniature  h-v  reetifiers, 
t>T)e  1Z2.  The  most  troublesome  of 
the  two  major  diffieulties  eneount- 
ered  was  back  emission  due  to  cold- 
field  emission,  evidenced  by  fluores¬ 
cence  on  the  inside  of  the  glass  en¬ 
velope.  Improvement  was  obtained 
by  modification  of  the  plate  and  fila¬ 
ment  structure.  Polishing,  and  fin¬ 
ally  gold  plating  the  plate  surface, 
corrected  the  trouble.  External  flash- 
over  was  prevented  by  properly  spac¬ 
ing  the  leads. 

Solution  of  production  problems  in 
the  manufacture  of  miniature  tubes 
was  discussed  by  Henry  J.  Miller  of 
RCA  Victor,  who  pointed  out  that 
evidence  of  success  is  shown  by  the 
monthly  production  total  which 
jumped  from  300,000  per  month  in 
1943  to  3,000,000  at  the  end  of  the 
war.  Delayed  failures  in  early  pro¬ 
duction  were  due  to  lack  of  rigidity 
in  the  base,  stresses  from  bending 
the  pins,  and  improper  temperature 
gradient  in  the  base. 


Microwave  Tubes 


Magnetrons  have  raised  the  eco¬ 
nomically  available  high-frequency 
limit  of  the  radio  spectrum  by  a  fac¬ 
tor  of  ten.  To  accomplish  this  ob¬ 
jective  it  has  been  necessary  to  de¬ 
termine  the  wave  phenomena  and 
electron  ballistics  taking  place  within 
the  magnetron.  With  an  understand¬ 
ing  of  these  functions  it  has  been 
possible  to  produce  cathodes  which 
emit  the  requisite  number  of  elec¬ 
trons. 

Theory  and  practice  in  microwave 
magnetron  design  were  reviewed  by 
G.  B.  Collins,  Radiation  Laboratory. 
Electrons  leaving  the  cathode  of  an 
oscillating  magnetron  have  two  pos¬ 


sible  types  of  motion.  If  the  electron 
enters  a  retarding  field,  it  spirals 
outward,  passing  alternately  through 
retarding  and  accelerating  portions 
of  the  r-f  field  and  finally  reaching 
a  positive  portion  of  the  anode.  The 
electron  will  have  remained  in  the 
field  for  several  cycles  and  will  have 
transferred  most  of  its  energy  to 
that  field  before  reaching  the  anode. 
On  the  other  hand,  if  the  electron 
enters  the  r-f  field  at  an  accelerating 
point  it  returns  in  a  short,  circular 
path  to  the  cathode.  Although  this 
electron  absorbs  energy  from  the  r-f 
field  it  remains  in  the  field  so  briefly 
that  it  removes  little  energ>'.  The 


ReTolring  electron  cloud  deliTers  energy  to 
radio  held  to  sustain  magnetron  oscillation 
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Three  resonator  Klystron  prorides  greater 
power  output  from  the  beam  modulation 
than  two  resonator  or  reflex  types,  for 
some  input  power 

result  of  this  action  is  to  produce  a 
revolving  cloud  of  electrons  having 
half  as  many  arms  as  there  are  cav¬ 
ities  in  the  anode  block. 

Limitations  to  the  power  a  magne¬ 
tron  can  develop  are  the  maximum 
anode  potential,  which  is  limited  by 
sparking,  and  the  maximum  cathode 
emission.  Larger  anode  blocks  are 
used  for  higher  power  magnetrons. 
Once  the  dimensions  of  the  magne¬ 
tron  have  been  determined  its  opera¬ 
tion  has  also  been  determined.  Be¬ 
cause  of  this  dependence  upon  dimen¬ 


Antenna 


A  brief  review  of  wartime  work 
with  antennas  at  the  Radio  Research 
Laboratory  was  delivered  by  Andrew 
Alford  in  a  paper  prepared  jointly 
with  J.  D.  Kraus,  A.  Dome,  J.  Chris¬ 
tensen.  A  number  of  broad-band 
antennas  for  v-h-f  were  illustrated 
and  described.  These  were  used  on 
countermeasure  radar  equipment. 

To  cover  a  wide  band  of  fre¬ 
quencies,  it  was  found  necessary  to 
have  a  small  taper  in  the  transition 
from  a  guided  wave  to  a  space  wave. 
For  the  equipment  used,  standing- 
wave  ratios  of  less  than  2  to  1  were 
found  necessary  for  self-excited-os- 
cillator  jamming  transmitters  using 
triodes  or  magnetrons.  For  equip¬ 
ment  having  pentode  amplifiers, 
greater  standing-wave  ratios  could 
be  allowed.  For  receiving,  a  stand¬ 
ing-wave  ratio  of  6  to  1  was  per- 


sions  it  is  impossible  to  amplitude- 
modulate  magnetrons  over  fifty  per¬ 
cent  without  producing  appreciable 
frequency  change. 

Emistion  Ph*aom*Ma,  aad  Klystroat 

To  obtain  high  cathode  currents  it 
is  necessary  to  obtain  high  emission. 
To  do  this,  advantage  can  be  taken 
of  the  electrons  returned  to  the 
cathode.  M.  A.  Pomerantz,  Bartol 
Research  Foundation,  described  re¬ 
search  to  determine  the  effects  of 
these  returned  electrons  on  oxide, 
temperature  limited  cathodes.  High 
secondary  emissions  were  obtained, 
raising  the  total  emission  to  densi¬ 
ties  as  high  as  150  amperes  per 
square  centimeter,  but  practical  con¬ 
siderations  limit  this  to  50  amperes 
per  square  centimeter. 

Tests  on  numerous  cold,  secondary- 
emitting  surfaces  conducted  by  engi¬ 
neers  at  Westinghouse  and  presented 
by  J.  W.  McNall,  H.  L.  Steele,  Jr., 
and  C.  L.  Shackelford  indicate  that 
Dow  metal  on  copper,  and  silver-mag¬ 
nesium  compound  are  best.  An  aux¬ 
iliary  primary  emitter  is  necessary 
to  initiate  the  chain  action,  which 
reaches  equilibrium  so  quickly  that 
it  does  not  effect  microsecond  pulse 
operation  of  magnetrons. 

Ideal  bunching  of  klystrons  is  pro¬ 


Design 


missible  for  general  search  and  use. 

Crisscross  dipoles,  corner  reflect¬ 
ors,  bent-sheet  reflectors  and  horn- 
type  antennas  were  shown.  One 
antenna  illustrated  consisted  of  a 
slotted  or  deformed  horn  which  was 
mounted  flush  against  a  plane  fuse¬ 
lage  from  the  inside.  A  slot  cut  in 
the  fuselage  was  covered  with  Fibre- 
glas  so  that  no  blister  appeared  out¬ 
side  the  plane.  Two  bars  inside  the 
horn  acted  as  a  compensating  trans¬ 
mission  line.  This  construction  was 
used  effectively  at  frequencies  from 
700  to  1,250  me. 

Broadsides,  Parabolas 

Design  considerations  in  broadside 
arrays,  and  their  effect  on  antenna 
bandwidth  determined  by  pattern 
deterioration,  were  discussed  by 
John  Ruze  of  Evans  Signal  Labo^a* 


duced  by  increasing  saw-tooth  poten¬ 
tial  across  the  input-cavity  gap.  To 
simulate  this  action  two  cavities, 
suitably  spaced,  can  be  used  for 
bunching.  The  action  is  as  though 
the  fundamental  and  second  har¬ 
monic  of  a  saw-tooth  potential 
bunched  the  beam.  To  obtain  the 
proper  phase  of  the  apparent  second 
harmonic,  the  second  bunching- 
cavity  is  slightly  detuned.  A  third 
cavity  recovers  the  bunched  energy 
in  conventional  manner. 

A  theoretical  analysis  and  sub¬ 
stantiating  experimental  evidence  on 
the  three-cavity  Klystron  was  pre¬ 
sented  by  E.  C.  Levinthal  of  Sperry 
Gyroscope. 


To  produce  necessary  phase  relations  in 
the  bunching  corities,  the  second  coTity 
is  detuned  from  the  resonant  irequenq^ 


tory.  Methods  of  lobing  a  broadside 
array  were  discussed  and  illustrated 
by  slides  of  radar  antennas  that 
operate  between  100  to  1,000  me. 
The  eight-bay  array  of  the  SCR-270, 
having  26  db  of  side  radiation  over  a 
frequency  variation  of  10  percent, 
was  described.  Two  of  these  arrays, 
mounted  one  above  another  to  form 
a  square  40  x  40  feet,  were  used  in 
the  recent  transmission  and  recep¬ 
tion  of  radar  signals  to  the  moon. 

That  modifications  of  a  parabolic 
antenna  system  for  focusing  can  be 
made  by  providing  an  extended  an¬ 
tenna-feed,  or  by  distorting  the  shape 
of  the  parabola,  was  pointed  out  by 
L.  C.  Van  Atta  of  Radiation  Labora¬ 
tory.  The  beam  width  of  such  an 
antenna  is  due  to  deflection  of  the 
radiation  at  the  aperture.  The  aper¬ 
ture  was  defined  as  that  part  of  a 
plane  surface  through  which  the 
major  portion  of  the  radiation  passes. 


too 
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The  modifications  of  the  beam  were 
compared  with  an  optical  searchlight 
beam,  in  which  the  angular  width  is 
determined  by  the  extended  light 
source  placed  at  the  focal  point  of 
the  parabola  used  as  a  reflector,  and 
by  inaccuracies  in  the  reflector  shape. 

In  a  parabola  antenna,  the  focus¬ 
ing  properties  can  be  modifled  by 
either  of  two  methods ;  an  extended- 
source  method  in  which  a  single¬ 
point  source  such  as  a  dipole  is  dis¬ 
placed  upward  from  the  center  of  the 
parabola,  and  the  shaped-reflector 
method  in  which  the  phase  front  is 
moved  forward  by  advancing  the  top 
half  of  the  reflector.  With  a  sufficient 
number  of  wavelengths  across  the 
aperture,  a  wide  variety  of  patterns 
is  available.  Some  of  the  beams  that 
can  be  formed  are  square-angle 
beams,  straight-sided  beams,  and 
those  that  are  sharp  on  one  side  and 
take  a  cosecant  form  on  the  other 
side. 

Because  the  time  and  effort  in¬ 
volved  would  have  been  prohibitive 
using  full-scale  planes,  model  air¬ 
craft  antenna  measurements  were 
undertaken  by  Divisions  13  and  15 
of  NDRC.  Pioneer  work  on  the  proj¬ 
ect  was  done  at  Wright  Field.  This 
was  described  by  George  Sinclair  of 
Ohio  State  in  a  paper  prepared  by 
himself,  E.  W.  Vaughan  and  Edward 
C.  Jordan.  Models  were  constructed 
using  a  inch  per  foot  scale.  Some 
models  were  constructed  of  copper 
applied  over  wooden  shapes,  the 
wood  later  being  removed  after  the 
copper  sections  had  been  soldered  to¬ 
gether.  Others  were  carved  out  of 
wood  which  was  then  metal ized  by  a 
spray-metal  process.  Conducting 
paint  has  also  been  used. 

The  models  were  mounted  on  a  ply¬ 
wood  mast,  arranged  with  motor 
drive  so  that  they  could  be  rotated 
to  any  position.  Two  axes  of  radia¬ 
tion  were  provided  and  disturbing 
influences  of  the  control  equipment 
were  compensated  by  metal-cloth 
spaced  a  quarter-wave  below  the 
model’s  antenna.  The  antenna  in  the 
model  plane  could  be  used  for  either 
transmitting  or  receiving  in  check¬ 
ing  field  strength  patterns.  The  asso¬ 
ciated  equipment  included  a  receiver, 
a  wave  analyzer  and  a  compressor 
circuit  that  produced  an  output  volt¬ 
age  proportional  to  the  square  root 
of  the  input  voltage,  so  that  practical 
recording  was  possible  with  a  bolo- 
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A  plano-concGTO  antenna  haring  an  aperture  oi  14  wavelengths 


meter-type  detector.  Much  of  the  A  typical  lens  illustrated  was  14 
work  was  done  at  frequencies  of  500  wavelengths  in  diameter  and  had  an 
to  10,000  me.  Recordings  were  made  /  rating  of  1.67.  The  lens  antenna 
directly  on  polar-coordinate  paper.  can  be  fed  by  a  small  dipole  array,  or 

other  types  of  directive  antennas 
such  as  an  electric  horn  or  a  second 
lens  fed  by  a  waveguide.  Lenses  can 
be  designed  to  produce  various  types 
of  beam  shaping  in  either  vertical  or 
horizontal  directional  patterns. 

A  lens  in  the  aperture  of  a  horn 
antenna  materially  reduces  the  horn 
length.  Increased  gain  is  also 
achieved,  since  the  gain  can  be  made 
to  approach  that  of  a  horn  having  an 
infinite  length.  An  optimum  horn 
flared  to  an  aperture  of  40  wave¬ 
lengths  in  the  electric  plane  would 
be  800  wavelengths  long;  a  lens  hav¬ 
ing  an  aperture  of  40  wavelengths 


Metal-Lens  Antennas 

Engineers  w’ere  reminded  that 
optical  design  techniques  are  useful 
with  radio  waves,  by  W.  E.  Kock  of 
Bell  Laboratories.  By  employing  the 
proper  shape,  thin  metal  sheets  can 
act  as  a  focusing  mechanism  or  lens 
antenna.  The  focusing  action  is  ap¬ 
parently  caused  by  the  high  phase- 
velocity  of  the  wave  passing  between 
the  metal  plates.  A  row  of  parallel 
plates  thus  forms  a  refractive  me¬ 
dium  whose  index  of  refraction  is 
less  than  unity.  The  shape  is  the 
opposite  to  that  of  an  optical  lens. 


ROUND 

WAVEGUIDE 


RECTANGULAR 

WAyEGUIDE 


DIPOLE 


HORN 


HORN 


{t|  SMALL  HORN 


(0)  DIPOLE 


Thmn  methods  of  energizing  o  metal  lens  antenna 


requires  a  horn  only  38  wavelengths 
long.  If  the  horn  extends  to  the  edges 
of  the  lens,  effective  shielding  is 
provided.  Results  of  tests  on  several 
experimental  models  were  given.  A 
horn-lens  combination  was  found  to 
have  a  power  gain  of  12,000  over  an 
isotropic  radiator.  At  1.8  degree  off 
the  axis  of  the  beam,  the  power  gain 


dropped  to  0.01  of  its  maximum 
value. 

The  metal  lens  can  be  twisted 
about  its  axis  and  still  produce  a 
satisfactory  beam.  Profile  tolerance 
is  about  five  times  that  of  a  parabolic 
reflector.  Other  feature  of  the  lens 
antenna  are  no  shadow  of  feed  lines, 
standing-wave  loss  at  a  minimum. 


and  no  spillover  between  antennas 
when  the  units  are  operated  back-to- 
back  in  relay  or  repeater  installa¬ 
tions.  A  demonstration  using  a 
microwave  transmitter  and  receiver 
was  made  with  two  t>T)es  of  lenses, 
one  a  metal-vane  construction  and 
the  other  a  plastic-and-metal-film 
combination. 


Radar 


Paying  a  tribute  to  all  who  con¬ 
tributed  to  the  radars  that  saved  so 
many  lives  in  the  Pacific  and  appre¬ 
ciably  shortened  the  war.  Captain 
D.  P.  Tucker  of  Na\T  Ordnance  dis¬ 
cussed  uses  for  radar  in  naval  fire- 
control.  Modern  fire  control  is  so 
accurate  that  in  one  instance  a  ship 
that  failed  to  get  its  target  in  the 
dark  with  the  second  salvo  at  the  15- 
mile  extreme  limit  of  range  was 
ordered  to  go  back  and  practice  some 
more.  Increased  range-finding  ac¬ 
curacy  is  the  important  contribution 
of  radar  to  fire  control ;  if  two  radars 
on  a  ship  do  not  check  within  a  few 
yards  at  15  miles,  repair  technicians 
are  bawled  out. 

Watching  shell-fire  splashes  on  a 
radar  screen  r^uires  narrow'  angle 
determination,  and  this  has  been 
achieved  in  two  different  systems, 
namely  rapid  scanning  and  lobe  com¬ 
parison.  The  latest  practical  fire- 
control  radars  use  lobe  switching  for 
both  azimuth  and  elevation  angles  to 
give  completely  automatic  aiming 
far  excelling  the  most  skilled  human 
gunners. 

Air-to-air  firing  presents  the  most 
difficult  fire-control  problems  en¬ 
countered  by  radar.  Lt.  Col.  E.  A. 
Massa  of  ATSC  described  the  equip¬ 
ment  used  in  the  three  basic  t>T)es  of 
aircraft  installations  for  control  of 
fixed  guns  in  fighters  or  in  inhabited 
turrets  as  in  the  B-17,  and  in  re¬ 
motely  controlled  turrets  as  in  the 
B-29.  Operation  of  the  range  gate 
for  automatic  tracking  on  the  target 
was  explained. 


Naval  Aateaaa  Problem 

On  VJ-day  the  Navy  had  1,019  sep¬ 
arate  electronic  projects  in  various 
stages  of  design,  according  to  Cap¬ 
tain  R.  Bennett’s  survey  of  electron¬ 
ics  in  surface  warfare.  A  naval 
vessel  presents  the  most  difficult  type 


With  the  single  exception  of  range 
determination,  where  existing  radars 
so  far  surpass  optical  competitors 
that  further  precision  would  be 
meaningless,  needed  improvements 
in  radar  performance  and  the  vital 
necessity  for  continued  radar  re¬ 
search  were  stressed  by  practically 
every  speaker  in  the  radar  session. 

P.  E.  Koenig  of  Wright  Field,  de¬ 
scribed  airborne  interception  (AI) 
equipment  and  its  tactical  uses.  AI 
was  the  seeing  eye  for  night-fighter 
aircraft,  and  also  operated  in  con¬ 
nection  with  ground-controlled  radar 
in  support  of  offensive  ground  forces. 
The  first  equipment  used  a  wave¬ 
length  of  1.5  meters,  with  Yagi  an¬ 
tennas  rigidly  mounted  on  the  planes. 
Maximum  range  w’^as  2,500  yards, 
since  extended  to  5  miles.  In  fighter 


planes,  AI  gear  had  to  be  divided 
into  small  packages  due  to  space  lim¬ 
itations.  Many  fundamental  prob¬ 
lems  still  remain  to  be  solved,  as  pres¬ 
ent  equipment  is  w’holly  inadequate 
against  the  weapons  of  the  future. 

The  basic  units  of  modern  search 
radar  for  reconnaissance  planes  were 
described  by  Captain  L.  V.  Berkner 
of  the  Navy  Bureau  of  Aeronautics. 
Both  all-around  scanning  and  for¬ 
ward-looking  scanning  are  provided. 
Some  of  the  problems  still  requiring 
solution  are  cloud  returns  and  sea 
returns,  both  interfering  with  inter¬ 
pretation  of  patterns.  Search  radar 
also  carries  provisions  for  radar 
beacon  utilization,  as  the  position  of 
a  plane  in  space  can  be  established 
by  making  contact  with  a  single 
beacon. 


The  radome  on  this  Nary  PJB  aircraft  bulges  like  a  bullet  at  the  tip  of  the  starboard 
wing.  Similar  units,  described  in  detail  by  P.  E.  Koenig  in  his  talk  on  airplane  inter¬ 
ception,  ore  similarly  mounted  on  the  wings  of  night  fighters 
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of  antenna  problem  conceivable  what 
with  five  or  six  antennas  rating  top 
position  on  a  ship  and  there  being  at 
most  only  two  such  high  points  avail¬ 
able.  Some  antennas  should  be  big 
to  get  greater  accuracy,  yet  then 
they  get  in  the  way  of  gunfire ;  some 
should  be  isolated  to  avoid  interac¬ 
tion  with  others,  yet  there  isn’t 
enough  space  for  this.  On  a  battle¬ 
ship,  top  positions  go  to  the  large 
antennas  for  air-search  radar,  with 
surface-search  antennas  slightly  be¬ 
low  and  fire-control  radar  scattered 


about  the  ship  near  or  on  turrets. 

According  to  Captain  Bennett  tele¬ 
type  has  become  essential  for  radio 
communications,  and  the  radio  oper¬ 
ator  of  the  good  old  days  will  soon 
be  as  extinct  as  the  coherer. 

Problems  encountered  during  the 
period  1934-1938  at  Naval  Research 
Laboratory  in  developing  the  XAF 
equipment  radars  were  described  in 
reminiscent  vein  by  R.  M.  Page.  This 
radar  had  a  carrier  frequency  of 
200  me,  and  used  3-microsecond 
pulses.  Tubes  developed  for  radio 


amateurs  have  contributed  greatly. 

Cavity  boxes,  thermistors,  direc¬ 
tional  couplers,  microwave  field-type 
signal  generators,  and  other  types  of 
test  equipment  required  for  mainte¬ 
nance  of  airborne  radar  in  the  field 
were  described  by  Captain  E.  A. 
Blasi  of  ATSC.  His  co-author,  G.  C. 
Schutz  of  ATSC,  followed  with  de¬ 
tails  of  techniques  for  using  these 
instruments.  Frequency  determina¬ 
tion  is  the  simplest  measurement  re¬ 
quired,  and  receiver  sensitivity  is 
the  most  difficult  to  measure. 


Microwave  Techniques 


An  interesting  contrast  in  methods 
of  obtaining  workable  waveguide 
structures  was  presented  by  E.  M. 
Purcell  and  Julian  Schwinger,  both 
of  Radiation  Laboratory.  Despite 
the  work  which  had  already  been 
done  up  to  the  outbreak  of  the  war, 
early  efforts  were  necessarily  di¬ 
rected  towards  cut-and-try  methods 
to  combine  mechanical  strength  and 
flexibility  with  predictable  electrical 
behavior.  While  mechanical  problems 
were  being  solved,  the  theoretical 
group  worked  out  techniques  to 
enable  the  use  of  equivalent  lumped- 
constant  circuits  in  considering 
wave-guide  structures.  Military 
radar  requirements  resulted  in  al¬ 
most  complete  dependence  upon 
heavy  brass  wave  guide  and  fittings. 
Most  of  the  unit  sections  were  silver- 
soldered  or  machined,  although  die 
casting  was  often  useful.  Wider  use 
of  metal-covered  plastics  seems  prom¬ 
ising  since  the  depth  of  penetration 
of  the  waves  is  less  than  that  of  a 
stable  film  of  metal. 

Microwave  MeosuremeRfs 

Of  the  several  low-frequency  tech¬ 
niques  for  measuring  r-f  power, 
those  which  convert  r-f  energy  to 
heat  seem  to  have  proved  most  satis¬ 
factory  for  use  in  the  microwave 
region.  Calorimetric  devices  which 
depend  upon  heating  a  flow  of  liquid 
and  measuring  the  rate  of  tempera¬ 
ture  rise  are  bulky  and  insensitive. 
T.  Moreno,  Sperry  Gyroscope,  de¬ 
scribed  a  bolometric  wattmeter  of 
comparable  accuracy,  capable  of  more 
rapid  measurements  of  microwave 
power  over  an  extremely  wide  band 


of  frequencies. 

The  directional  coupler,  stemming 
directly  from  microwave  techniques, 
provides  another  means  of  measur¬ 
ing  r-f  power,  particularly  at  high 
levels.  It  is  a  device  for  sampling  the 
direct  and  reflected  waves  in  a  trans¬ 
mission  line.  W.  W.  Mumford  of  Bell 
Laboratories  pointed  out  its  value  in 
determining  the  impedance  match 
between  lines  or  a  line  and  some  con¬ 
nected  device.  Adjustment  for  mini¬ 
mum  mismatch  can  be  accomplished 
simply  on  either  coaxial  lines  or  wave 
guides. 

The  spectrum  analyzer  described 
by  F.  J.  Gaffney  of  PIB  Products 
has  had  a  large  number  of  uses  and 
soon  becomes  an  indispensable  tool 
in  radar  work.  It  presents  on  a 
cathode  ray  tube  the  Fourier  trans¬ 
form  of  the  pulsed-oscillator  under 
study  by  tuning  a  receiver  across  the 
pulse  at  the  same  time  the  tube  is 
being  swept.  It  is  comparable  to 
panoramic  reception,  but  differs  in 
that  the  frequency  band  is  large 
compared  to  the  band  width  of  the 
i-f  amplifier.  When  the  input  to  the 
analyzer  is  a  continuous  wave  the 
resultant  pip  can  be  compared  with 
a  standard  frequency  source.  If 
shielding  and  attenuation  are  pro¬ 
vided,  power  measurements  are  pos¬ 
sible  on  a  comparative  basis.  It  has 
been  particularly  useful  in  testing 
magnetrons  and  in  overall  field  serv¬ 
ice  of  radar  equipment. 

Power-absorbing  elements  to  be 
inserted  in  coaxial  lines  and  wave¬ 
guides  for  use  as  calibrated  attenu¬ 
ators  were  made  in  large  numbers 
during  the  war.  E.  Weber  of  Brook- 


Magnified  portion  of  a  micro-oscilloscope 
trace  showing  (top)  a  10-cm  wore  and 
(bottom)  a  3-cm  wove.  Twelve  such  traces 
con  be  recorded  on  a  plate  Hi  x  15  8  in. 


IjTi  Poly  described  the  problems  and 
the  equipment  involved  in  evaporat¬ 
ing  controlled  thicknesses  of  various 
metals  on  glass  for  this  purpose.  The 
design  was  simplified  to  an  extent 
that  semi-skilled  workers  w’^ere  able 
to  manufacture  them  successfully. 
Variable  attenuators  were  less  satis¬ 
factory  and  required  great  ingenuity, 
particularly  those  for  use  in  wave¬ 
guides. 

Decreasing  sensitivity  of  an 
oscillograph  with  increase  in  the 
frequency  of  the  signal  to  be  photo¬ 
graphed  requires  changes  in  tech¬ 
nique,  of  which  one  variation  was 
introduced  by  G.  M.  Lee  of  Central 
Research  Laboratories.  The  principle 
of  the  micro-oscilloscope,  suggested 
but  never  used  by  von  Ardenne,  has 
been  employed  in  part  The  resultant 
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three-beam  micro-oscillograph  is  ca¬ 
pable  of  recording  10,000-mc  oscilla¬ 
tions  with  a  calculated  reduction  of 
deflection  sensitivity  of  but  40  per¬ 


cent.  Although  the  beam  writes 
directly  upon  the  photographic  emul¬ 
sion,  thus  requiring  a  vacuum  lock 
and  continuous  pumping,  less  than 


ten  minutes  is  required  to  completelv 
insert  and  remove  a  li  by  It-in. 
plate  holding  24  pictures.  Ten-  and 
3-cm  waves  are  shovTi. 


Crystal  Rectifiers 


Three  papers  presented  in  the 
crystal  rectifier  group  were  con¬ 
cerned  with  the  selection  of  crystals 
and  the  development  of  circuits  for 
their  use  as  mixers  at  very  high  fre¬ 
quencies.  Interesting  converter  ar¬ 
rangements,  designed  for  use  in 
radar  sets  during  the  war,  were 
shown. 

C.  F.  Edwards  of  Bell  Telephone 
discussed  problems  in  the  design  of 
microwave  converters  using  point- 
contact  silicon  rectifiers.  Use  of  the 
hybrid  coil  and  resonant-line  imped¬ 
ances  to  produce  balanced  converters 
having  uniform  performance  char¬ 
acteristics  over  a  wide  band  of  fre¬ 
quencies  was  illustrated.  Emphasis 
was  placed  on  the  effeq^  of  imped¬ 
ance-frequency  characteristics  of  the 
input  and  output  networks  on  con¬ 
verter  performance.  Several  con¬ 
verters  were  described,  for  operation 
at  wavelengths  between  3  and  30  cm. 

Superiority  of  crystal  rectifiers  as 
frequency  converters  in  superhet¬ 
erodyne  receivers  of  microwave  sig¬ 
nals  w’as  discussed  in  a  paper  by 
H.  C.  Torrey,  Radiation  Laboratory. 
Basic  considerations  in  the  selection 
of  crystals  are:  noise  temperature, 
conversion  loss,  mechanical  and  elec¬ 
trical  stability,  and  uniformity.  Con¬ 
version  loss  and  noise  temperature 
are  combined  in  a  quantity  called  the 


noise  figure.  Application  of  linear 
network  theory  to  the  circuit,  repre¬ 
senting  the  mixer  as  a  three-termi¬ 
nal  pair  device  with  terminals  at 
signal,  image  sideband,  and  i-f  out¬ 
put  helps  in  estimating  the  effect  on 
conversion  loss  of  image  sideband 
termination  and  of  parasitic  imped¬ 
ances.  It  was  stated  that  d-c  charac¬ 
teristics  of  crystals  have  no  bearing 
on  r-f  impedance  at  these  fre¬ 
quencies. 

Studies  of  the  noise  spectrum  of 
crystal  mixers  were  reviewed  in  a 
paper  by  P.  H.  Miller  of  the  Uni¬ 


versity  of  Pennsylvania.  These 
studies  were  carried  out  over  a  range 
from  50  cycles  to  7  me.  In  the  audio 
range  a  band-pass  filter  employing  a 
three-terminal  Wein  bridge  was  used 
to  perform  the  analysis.  At  higher 
frequencies  a  communications  re¬ 
ceiver  having  a  square-law  detector 
was  used;  Noise  temperature  was 
definitely  shown  to  be  a  function  of 
frequency,  rising  to  a  high  level  at 
audio  frequencies.  Low  noise  levels 
at  the  higher  frequencies  can  be  ob¬ 
tained  by  careful  selection.  No  sug¬ 
gestion  as  to  the  cause  of  the  noise 
was  made. 


Crystal  rectifiers  in  balanced  mixer  showing  hybrid  coil  connections  to  i-f  amplifier 


Industrial  Electronics 


While  search  was  made  for  a 
projector  F.  H.  Shepard,  and  Paul 
Zottu  of  Girdler,  gave  extemporane¬ 
ous  talks  on  the  role  of  industrial 
electronics  and  the  interest  of  the 
IRE  in  this  comparatively  new  phase 
of  application  of  radio  techniques. 
It  was  said  that  many  of  the  prob¬ 
lems  of  communication  engineering 
could  be  transferred  bodily  to  the 
field  of  industrial  electronics.  In¬ 


deed,  the  analysis  of  industrial  proc¬ 
esses,  and  the  establishment  of 
electronic  control  mechanisms  are 
closely  analogous  to  the  analysis  of 
communication  systems.  The  auto¬ 
matic  control  of  processes  is  similar 
to  feedback-amplifier  systems,  ■with 
process  stabilization  having  its 
counterpart  in  the  stability  to  be 
derived  from  feedback  amplifiers; 
process  lag  in  the  industrial  opera¬ 


tion  has  its  counterpart  in  the  elec¬ 
trical  lag  produced  by  RC  networks. 

The  tasks  of  the  industrial  elec¬ 
tronics  engineer  are  multifold  and 
cover  a  wide  range  of  topics.  Tech¬ 
nically  he' must  design  a  process  or 
system  such  that  it  produces  for  his 
client  or  employer  the  desired  end 
result,  and  this  must  be  done  with 
economic  justification.  It  followf 
that  while  it  is  possible  to  apply 
electronics  to  almost  any  industrial 
process,  it  is  often  desirable  to  ob- 
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tain  a  specific  type  of  operation  by 
other  than  electronic  methods. 

Electronic  Rocordert 

Considerable  emphasis  was  placed 
on  the  application  of  electronic  tubes 
and  circuits  for  use  with  industrial 
recorders. 

The  Tagliabue  recorder,  described 
by  V.  L.  Parsegian,  consists  of  three 
elements,  the  fundamental  bridge 
balancing  system,  the  amplifier  arid 
motor  mechanism  actuated  from  un¬ 
balance  of  the  bridge,  and  the  print¬ 
ing-recording  system  operated  by 
the  motor  in  the  second  element. 

The  system  is  so  designed  that 
when  unbalance  occurs  in  one  direc¬ 
tion  there  is  a  180-degree  phase  re¬ 
versal  from  unbalance  in  the  other 
direction,  and  the  direction  of  rota¬ 
tion  of  the  motor  is  controlled  by 
this  phase  reversal.  The  motor  actu¬ 
ates  the  printing  mechanism.  An 
RC  timing  circuit  actuates  the  writ¬ 
ing  pen  at  intervals  of  about  1  sec¬ 
ond,  whereas  the  position  of  the  re¬ 
cording  pen  is  determined  by  the 
motor,  which  depends  upon  the 
amplified  unbalance  of  the  bridge. 


W.  R.  Clark  of  Leeds  and  Northrop 
described  a  new  Speedomax  recorder 
which  is  a-c  operated,  produces  an 
ink  record  and  has  a  frequency  re¬ 
sponse  flat  to  within  1  db  for  fre¬ 
quencies  between  25  and  150,000  cps. 

Servo  Systems 

Linear  servomechanism  theory 
was  highlighted  by  R.  E.  Graham  of 
Bell  Laboratories.  It  was  pointed  out 
that  a  servo  system  may  be  composed 
of  mechanical,  thermal,  pneumatic, 
hydraulic,  mechanical  or  electronic 
elements,  or  a  combination  of  all  of 
them.  However,  all  servomechanisms 
are  systems  in  which  the  output  is 
fed  back  to  the  input  in  such  a  man¬ 
ner  as  to  control  the  output.  Because 
all  servo  mechanisms  are  function¬ 
ally  alike,  they  lend  themselves  read¬ 
ily  to  analysis  by  means  of  linear 
differential  equations  provided  all 
portions  of  the  system  are  operated 
over  limited  ranges  to  assure  linear¬ 
ity  of  response. 

The  transmission  of  instrument 
readings  from  a  pilotless  aircraft  to 
its  controller  on  the  ground  or  in 
another  plane  by  means  of  radio  tele¬ 


metering  was  covered  by  David  W. 
Moore,  Jr.  of  Fairchild  Camera. 

X-ray  snapshots  at  exposure  times 
of  the  order  of  a  millionth  of  a  sec¬ 
ond  are  now  possible  with  a  special 
tube  in  which  electrons  are  jerked 
out  of  a  cold  metal  cathode  by  a  mo¬ 
mentary  high  voltage  to  create  a 
peak  anode  current  as  high  as  2,000 
amperes.  Ballistic  uses  of  this  equip¬ 
ment  during  the  war  were  described 
by  D.  C.  Dickson  of  Westinghouse, 
along  with  such  commercial  applica¬ 
tions  as  performance  studies  of  ma¬ 
chinery  and  pictures  of  the  transfer 
of  metal  during  welding. 

Techniques  and  problems  involved 
in  operating  two  high-power  oscillat¬ 
ors  in  tandem  for  induction  heating, 
to  secure  more  power  than  can  be 
obtained  from  a  single  unit,  were 
described  by  W.  C.  Rudd  of  Induc¬ 
tion  Heating.  The  chief  problems 
are  interconnection  of  tank  circuits 
in  such  a  way  that  the  frequencies 
of  the  two  oscillators  are  the  same, 
and  equal  sharing  of  the  load  by  the 
two  power  supplies.  Two  25-kw  units 
have  been  successfully  operated  in 
duplex  to  provide  50  kw. 


Communications  Systems 


Developments  in  the  communica¬ 
tions  field  during  the  war  with  defi¬ 
nite  peace-time  applications  were 
described,  among  them  being  multi¬ 
channel  relay  links  and  wide-band 
tunable  receivers  for  the  microwave 
bands. 

Captain  J.  0.  Kinert  of  Naval  Op¬ 
erations  stressed  the  necessity  for 
coordination  of  design  between  the 
services  and  for  sets  designed  for 
successful  handling  by  inexperienced 
personnel.  Interchangeability  of 
components  relieves  the  pressure  on 
maintenance  stocks  in  times  of 
stress.  Failures  in  action  were  at¬ 
tributed  to  the  planning  by  inexpe¬ 
rienced  personnel,  actual  equipment 
failures,  and  failures  due  to  enemy 
action,  with  that  due  to  inexperi¬ 
enced  personnel  predominating. 

Receivers  designed  for  the  Navy 
for  use  in  the  vhf  and  uhf  ranges 
^’ere  discussed  by  T.  McL.  Davis  of 
^’RL.  Ship  installations  present  pe¬ 
culiar  problems  in  selectivity  be¬ 


cause  of  the  congestion  in  antenna 
equipment.  Very  high  voltages  are 
frequently  induced  in  receiving  an¬ 
tennas  due  their  proximity  to 
transmitting  antennas.  Unusual  de¬ 
mands  are  thus  placed  on  preselector 
requirements.  I-f  circuits  must  have 
high  gain,  low  drift  and  at  least  60 
db  discrimination  against  adjacent- 
channel  interference.  Recent  models 
of  standard  equipment  have  six 
double-tuned  i-f  transformers.  Early 
receivers  had  little  or  no  gain  in 
preselector  circuits.  Later  equip¬ 
ment  had  better  gain,  a  tuning  ratio 
of  1.4  to  1  and  an  overall  image- 
rejection  ratio  of  90  db.  Inter¬ 
changeable  units  for  preselector,  i-f, 
and  power  supply  have  been  designed 
for  ease  in  maintenance. 

Transportable  microwave  radio 
sets  TRC-5  and  TRC-6  were  de¬ 
scribed  by  Raymond  E.  Lacy  of  Coles 
Signal  Laboratory.  In  these  two  sets, 
microwave  techniques  (1,350-1,500, 
and  4,350-4,800  me)  employed  in 


radar  are  used  to  maintain  two-way 
communication  over  relay  links  up 
to  2,800  miles.  Both  sets  use  pulse¬ 
time  modulation,  with  an  8-channel 
multiplex  system.  Both  also  use 
waveguide-fed,  parabolic-dish  re¬ 
ceiving  and  transmitting  antennas 
mounted  on  the  same  mast.  In  the 
case  of  the  TRC-6,  the  r-f  units  of 
both  transmitter  and  receiver  are 
mounted  on  the  backs  of  the  para¬ 
bolas.  In  special  cases,  improved  re¬ 
ception  under  adverse  conditions  has 
been  obtained  by  diversity  recep¬ 
tion,  with  two  vertically  spaced  re¬ 
ceiving  antennas  on  the  same  tower. 

Enemy  Eqnipment 

Captured  German  and  Japanese 
radio  and  radar  equipment  was  de¬ 
scribed  by  Lt.  Comm.  E.  L.  Luke 
and  John  C.  Link  of  NRL.  It  was 
stated  that  German  radar  research 
was  stopped  in  1941  and  not  resumed 
until  1943  when  Germany  discovered 
from  captured  allied  microwave 
equipment  that  their  own  equipment 
was  obsolete.  German  airborne  radar 
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operated  in  the  band  from  485  me  to 
550  me.  Late  models  were  in  larger 
quantities  but  of  mueh  poorer  qual¬ 
ity.  It  was  not  until  January  1945 
that  9-em  models  appeared.  Due  to 
manufaeturing  diffieulties  few  were 
made.  While  German  eommunieation 
equipment  eompared  favorably  with 
ours  at  the  beginning  of  the  war, 
Japanese  radio  and  radar  equipment 
was  always  of  inferior  quality.  It 
was  usually  copied  from  American  or 
German  designs.  Plans  for  the 
Wurtzburg  radar  were  flown  to  the 
Japs  in  1943,  but  only  one  set  was 
produced. 

Special  Receivers 

Development  of  receivers  to  meet 
the  exacting  requirements  of  direc¬ 
tion-finding  and  wave  analysis  in 
combating  enemy  radar  was  de¬ 
scribed  by  G.  E.  Hulstede,  J.  M. 


Pettit,  H.  E.  Overacker,  K.  Spangen- 
berg  and  R.  R.  Buss  of  RRL.  Ad¬ 
vanced  receiver  techniques  were  in¬ 
corporated  in  sets  tunable  over  fre¬ 
quency  ranges  of  2  to  1,  with  single¬ 
dial  control  and  high  sensitivity. 
The  receivers  give  continuous  cover¬ 
age  to  10,000  me.  Late  models  had 
high  image-rejection  at  the  micro- 
wave  frequencies.  Butterfly  tuners 
were  used  with  acorns  to  1,000  me. 

Plug-in,  butterfly-tuned  r-f  units 
containing  preselectors,  heterodsme 
oscillators  using  acorn  tubes,  and 
crystal  mixers  were  used  with  stand¬ 
ard  30-mc,  broad-band  i-f  units  up 
to  1,000  me.  The  i-f  band  widths 
were  3  and  4  me.  Image  rejection  at 
1,000  me  was  10  db  and  better  than 
40  db  at  lower  frequencies.  From 
1,000  me  to  10,000  me  concentric-line 
oscillators  employing  reflex  klystrons 
were  used.  The  200-mc  i-f  amplifier, 


Propagation  Studies 


Utilizing  pulse  techniques,  the  Na¬ 
tional  Bureau  of  Standards  has  long 
been  conducting  measurements  for 
the  prediction  of  sky-wave  transmis¬ 
sion.  Six  locations  contributed  data 
to  the  bureau  in  1936.  Today  roughly 
40  locations  contribute. 

From  correlation  of  ionosphere 
data,  meterological  measurements, 
sun-spot  activity,  and  actual  trans¬ 
mission  characteristics,  it  has  be¬ 
come  possible  to  forecast  major 
transmission  disturbances.  The  bu¬ 
reau  is  now  issuing  for  general  dis¬ 
tribution  a  monthly  publication  pre¬ 
dicting  radio  propagation  three 
months  in  advance.  Information  con¬ 
tained  in  this  bulletin  was  described 
by  N.  Smith  following  an  introduc¬ 
tion  by  J.  H.  Dellinger.  Charts  and 
nomographs  for  Fi,  F,  and  sporadic-E 
enable  one  to  determine  ionosphere 
absorption,  atmospheric  noise,  low¬ 
est  usable  frequency,  and  highest 
usable  frequency  for  a  given  path. 
These  charts  cover  the  world. 

Atmotpharic  Dacts 

Measurements  of  the  atmospheric 
conditions  producing  ducts,  and  de¬ 
tailed  study  of  ducts  over  water  were 
described  in  two  complementary  pa¬ 
pers.  J.  E.  Freehafer,  Radiation  Lab¬ 


oratory,  explained  how  variations 
with  altitude  of  air  temperature  and 
moisture  content  can  produce  a  vary¬ 
ing  index  of  refraction  giving  wave 
propagation  action  comparable  to 
that  of  waveguides.  However,  the 
altitude  over  which  such  a  condition 
must  extend  is  large  compared  to  a 
wavelength,  so  that  only  in  the  micro- 
wave  region  is  the  effect  appreciable. 
The  atmospheric  ducts  account  for 
the  greater  than  line-of-sight  com- 


Transmission  loss  and  rote  of  rain  fall 
measured  during  a  rainy  day  show  rela¬ 
tion  oi  moisture  content  of  air  and  micro- 
wore  attenuation 


consisting  of  ten  6AK5  tubes,  was 
stagger-tuned  to  obtain  a  bandwidth 
of  20  me  at  the  peak  and  24.5  me, 
6  db  down.  Image  rejection  with 
two-cavity  preselectors  was  40  to  60 
db.  A  total  gain,  through  the  second 
detector,  of  97  db  was  realized  in 
late  models.  Reflector  voltages  on 
the  klystrons  ranged  from  300  volts 
at  the  lower  end  of  the  band  to  1,250 
volts  at  the  higher  frequencies.  Me¬ 
chanical  tracking  was  successfully 
employed  between  klystron  cavity 
tuning  and  reflector  voltage. 

High  efficiencies  in  the  r-f  circuits 
w’ere  due  largely  to  refinements  in 
tunable  cavity  structure.  Cavities 
were  developed  with  no  sliding  con¬ 
tacts  and  in  most  cases  no  dielectric 
in  the  r-f  circuit.  Leakage  of  r-f  en¬ 
ergy  past  the  tuning  shafts  was  pre¬ 
vented  by  resonant  line  impedances 
built  into  the  cavity  tuning  plungers. 


munication  and  radar  transmissions. 
These  ducts  can  not  be  relied  upon 
over  land. 

The  persistance  of  ducts  over 
\vater  was  demonstrated  by  experi¬ 
ments  conducted  over  the  Pacific  and 
reported  by  M.  Katzin,  R.  W.  Bauch- 
man,  and  W.  Binnian  of  NRL. 
Measurements  w’ere  made  on  9  and 
3  cm  at  heights  above  mean  sea  level 
up  to  94  feet.  Definite  correlation  be¬ 
tween  heights  of  optimum  transmis¬ 
sion  and  heights  of  duct-forming  at¬ 
mospheric  conditions  was  obtained. 
Transmissions  over  paths  ten  to 
twenty  times  the  line-of-sight  path 
were  obtained.  The  conditions  over 
windswept  water  are  ideal  for  pro¬ 
duction  of  atmospheric  ducts. 

A  similiar  diffraction  phenomenon 
of  microwaves  was  studied  by  engi¬ 
neers  of  the  Bell  Laboratories,  and 
reported  by  W.  M.  Sharpless.  The 
particular  problem  was  to  determine 
variations  in  the  angle  of  arrival  of 
1  and  3-cm  waves  over  line-of-sight 
paths  above  land.  During  the  day  the 
angle  of  arrival  was  that  calculated 
from  the  earth’s  radius  and  the  ar¬ 
ray  positions.  At  night  the  radio 
waves  came  in  from  slightly  higher 
angles,  but  never  more  than  a  degree 
higher.  These  variations  limit  the 
sharpest  beam  that  can  safely  be  used 
for  microwave  relay  links. 
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To  measure  absorption  of  micro- 
waves  by  rain  S.  D.  Robertson  and 
A.  P.  King  made  an  early  study  of 
the  effects  at  1  and  3  cm  and  G.  E. 
Mueller  repeated  the  study  using 
waves  of  6-mm  length.  The  work, 
done  at  Bell  Laboratories,  indicated 


that  although  there  was  measureable 
absorption  at  these  wavelengths,  it 
was  only  appreciable  for  precipita¬ 
tions  approaching  cloudburst  mag¬ 
nitudes.  Under  these  conditions 
transmission  at  these  wavelengths  is 
interrupted  less  than  three  percent 


of  the  time  in  the  temperate  zone. 

Following  the  formal  presenta¬ 
tions  C.  L.  Pekeris,  Columbia  Uni¬ 
versity,  enumerated  the  results  of 
theoretical  determinations  which 
agreed  well  with  the  measurements 
of  duct  transmission  over  water. 


Broadcast  Receivers 


Noise  in  f-m  broadcast  receivers 
was  analyzed  mathematically  by 
David  B.  Smith  in  a  paper  prepared 
in  collaboration  with  W.  E.  Bradley, 
both  of  Philco.  He  considered  the 
case  when  a  mixture  of  noise  and 
useful  signal  is  applied  to  the  input 
of  an  ideal  receiver  and  showed  that 
any  given  impulse  noise  that  exceeds 
the  carrier  can  produce  either  a  click 
or  a  pop.  The  pops  are  larger  and  last 
longer  and  their  pitch  is  determined 
by  the  time  constant  of  the  deempha¬ 
sis  circuit,  100  microseconds.  At  100 
percent  signal  modulation,  the  ampli¬ 
tude  of  the  pops  is  about  13  percent. 
The  pitch  of  the  clicks  is  determined 
by  the  time  constant  of  the  audio  sys¬ 
tem  and  they  last  about  six  micro¬ 
seconds.  Their  amplitude  is  never 
greater  than  6.5  percent. 

Balanced  phase-shift  types  of  f-m 
detectors  were  discussed  by  S.  W. 
Seeley  of  RCA.  He  showed  the  vector 
relations  of  a  typical  discriminator 
circuit  and  traced  the  action  during 
the  change  in  the  relative  phase  of 
the  potentials  across  the  primary 
and  secondary  windings.  The  vector 
relations  of  the  secondary  potentials 
become  greater,  as  if  enlarged  pho¬ 
tographically,  but  do  not  otherwise 
change  when  the  primary  voltage  is 
increased  by  tuning  the  primary  to 
resonance. 

I-F,  R-F,  Magneti*  Recording 

Design  and  performance  of  capaci¬ 
tance-coupled  amplifiers  were  dis¬ 
cussed  by  Merwin  J.  Larsen  in  a 
paper  by  himself  and  Lynn  L.  Mer¬ 
rill,  both  of  Stromberg-Carlson.  An 
i-f  amplifier  was  built  for  the  range 
of  21  to  28  me  for  a  television  re¬ 
ceiver.  Attenuating  traps  were 
used  for  the  sound  signal.  A  mathe¬ 
matical  analysis  was  made  and  ex¬ 
perimentally  obtained  curves  were 
presented  as  an  aid  in  selecting  cir¬ 


cuit  parameters  for  flat- top  fre¬ 
quency  response. 

Two  new  miniature  tubes  designed 
for  the  r-f  amplifier  and  converter 
stages  for  new  f-m  band  receivers 
were  described  by  R.  M.  Cohen,  R.  C. 
Fortin  and  C.  M.  Morris,  all  of  RCA. 
One  tube,  type  6BA6,  is  an  r-f  pen¬ 
tode  having  characteristics  like  those 
of  a  6SG7  but  with  a  more  remote 
cutoff  characteristic.  Its  grid  is 
formed  to  conform  to  the  shape  of 
the  cathode,  thus  reducing  the  pos¬ 
sibility  of  shorting  under  vibration. 
The  other  tube,  type  6BE6,  is  a  pen- 
tagrid  converter  similar  to  the  6SA7 
but  the  of  the  oscillator  portion  is 
double  that  of  the  6SA7. 

A  recommended  circuit  for  the 
tubes  contains  heater  chokes  that 
maintain  the  heater  at  the  potential 
of  the  cathode  to  prevent  varying 
heater  capacitance  from  causing  fre¬ 


quency  modulation  of  the  oscillator. 
No  d-c  resistance  is  used  in  the  signal 
grid  circuit  because  the  oscillator 
develops  an  appreciable  voltage  on 
this  grid.  When  used  in  circuits  hav¬ 
ing  a  low  value  of  capacitance  the 
signal  grid  may  be  tapped  down  on 
the  coil,  but  the  usual  receiver  band- 
switch  generally  has  sufficient  capaci¬ 
tance  to  obviate  this  need.  One  cir¬ 
cuit  shown  has  an  overall  gain  to  the 
grid  of  the  i-f  amplifier  of  70.  The 
image  rejection  ratio  is  56  db. 

A  brief  history  of  magnetic  re¬ 
cording  from  the  days  of  American 
Telegraphone  at  the  turn  of  the  cen¬ 
tury  to  the  present  day  was  given  by 
S.  J.  Begun  of  Brush.  He  traced  de¬ 
velopments  made  during  the  war  in 
recording  on  tHe  various  mediums 
such  as  tungsten  steel,  stainless  steel, 
plated  wire,  and  paper  and  plastic 
bases  having  suspended  magnetic 
particles. 

(Continued  on  next  page) 


Typical  seli-excited  converter  and  r-f  amplifier  circuits  for  the  6BE6  and  6BA6  tubes 
developed  for  the  new  f-m  band 
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Quartz  Crystals 


Techniques  developed  during  the 
war  for  mass  production  of  quartz 
crystals  and  humidity-proof  holders 
in  million-unit  batches,  with  rela¬ 
tively  unskilled  help  and  to  tolerance 
specifications  considered  impossible 
only  a  few  years  ago,  were  described 
publicly  for  the  first  time  despite 
the  inevitable  cutting  of  some  of  the 
IRE  papers  for  secrecy  reasons. 

After  reviewing  the  fundamental 
properties  of  crystal  units.  Captain 
C.  J.  Miller,  Jr.  of  Squier  Signal  Lab¬ 
oratory  analyzed  one  by  one  the 
chances  for  standardizing  these  prop¬ 
erties  to  permit  drastic  reduction  in 
the  number  of  different  types  of  crys¬ 
tals  now  in  use.  A  standard  crystal 
unit  was  defined  as  one  in  which  all 
of  the  characteristics  except  fre¬ 
quency  are  specified.  Standard  spe¬ 
cifications  for  approved  units  are 
planned,  with  a  format  somewhat  like 
that  now  used  for  vacuum  tubes. 
One  goal  is  elimination  of  the  need 
for  supplying  standard  test  units  to 
crystal  manufacturers.  An  overall 
tolerance  of  0.01  percent  for  fre¬ 
quency  is  recommended  for  stand¬ 
ardization,  along  with  universal  use 
of  the  hermetically  sealed  holder.  It 
is  considered  practical  now  to  make 
crystals  as  thin  as  0.003  inch.  The 
laboratory  has  developed  a  crystal 
impedance  meter  that  can  operate  a 


Simplified  schematic  circuit  diagram  of  the 
crystal  impedance  meter 


crystal  either  at  series  resonance  or 
into  a  small  capacitive  reactance. 
The  crystal  and  the  capacitance  are 
switched  into  the  circuit  alternately 
with  a  rheostat  while  the  rheostat  is 


adjusted  until  switching  produces 
no  change  in  rectified  grid  current, 
and  the  value  of  the  rheostat  is  then 
the  effective  resistance  of  the  crystal. 

Techniques  for  measuring  per¬ 
formance  characteristics  of  crystal 
units  with  commercially  available 
test  equipment  were  outlined  by  W. 
D.  George  of  the  Bureau  of  Stand¬ 


ards,  and  graphs  of  results  were 
shown  for  50-mc  and  8.7-mc  units. 
Relative  merits  and  limitations  of 
the  various  available  methods  were 
indicated,  along  with  observations  on 
behavior  of  crystal  units. 

Hermetically  Sealed  Holders. 

Stages  in  the  development  of  her¬ 
metically  sealed  metal  holders  for 
quartz  crystals  were  described  by  A. 
W.  Zeigler  of  Bell  Laboratories.  Suc¬ 
cessful  sealing  of  the  crystal  units  in 
dry  air  at  atmospheric  pressure  was 
achieved  with  the  aid  of  induction 
soldering,  using  a  multi-turn  work 
coil  and  heavy  current  for  a  very 
short  interval.  Finished  products 
were  tested  by  immersion  in  water 
at  90  C,  creating  a  pressure  differ¬ 
ential  of  about  3  lb,  and  watching  for 
bubbles.  Induction  heating  combined 
with  mechanized  fixtures  and  con¬ 


veyor  belts  permitted  production  of 
80,000  of  the  hermetically  sealed 
units  by  relatively  untrained  oper¬ 
ators  before  the  end  of  the  war. 

With  new  mass-control  techniques 
described  and  demonstrated  by  R.  A. 
Sykes  of  Bell  Laboratories,  material 
is  added  rather  than  removed  to 
bring  crystals  to  their  required  crit¬ 
ical  frequency.  In  this  new  process, 
with  which  over  2,500,000  complete 
crystal  units  have  already  been  pro¬ 
duced,  the  crystal  unit  is  ground  to  a 
frequency  roughly  up  to  300  kc  too 
high.  It  is  then  placed  in  a  small 


evaporator  housing  and  evacuated 
while  connected  to  a  circuit  in  which 
its  frequency  is  compared  wdth  that 
of  an  oscillator  working  at  the  de¬ 
sired  frequency,  so  that  a  beat  note 
is  heard.  A  filament  switch  is  then 
turned  on,  causing  gold  to  be  evap¬ 
orated  and  deposited  onto  the  crys¬ 
tal  unit.  The  filament  button  is  held 
down  as  the  be^iJ;  frequency  gradu¬ 
ally  lowers  to  a  growl  and  finally 
stops  at  zero  beat.  The  evacuation 
time  is  a  matter  of  seconds,  as  also  is 
the  actual  plating  time,  so  that  a 
crystal  can  be  brought  to  the  re¬ 
quired  frequency  by  relatively  un¬ 
trained  workers  in  a  minute  or  so, 
with  every  assurance  of  permanence 
and  stability.  In  answer  to  a  ques¬ 
tion,  the  author  stated  that  harmonic 
crystals  have  been  developed  that  op¬ 
erate  satisfactorily  in  the  range  of 
15  to  50  me. 


Circuit  arrangement  for  lowering  quartz  crystal  frequency  by  plating  with  gold. 
Metal  is  deposited  until  the  loudspeaker  indicates  zero  beat  between  the  crystal 

and  o  standard 
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Loran  Transmitting 

Stations 


Circuits  and  operating  functions  of  the  transmitter,  timer,  and  synchronizer,  which  generate 
the  synchronous  pulses  of  the  system,  are  described  in  this  concluding  article  on  Loran 


Front  Tiew  of  the  transmitter,  consisting  of  r-f  unit  and  modulator;  exciter, 
control  circuits  and  power  suppiy  (right) 


IN  the  first  article  of  this  series, 
it  was  pointed  out  that  the  Loran 
transmitting  station  produces  a 
series  of  accurately  spaced  pulses 
which  are  rigidly  synchronized  with 
the  pulses  from  another  station.  In 
this  article  the  equipment  which  gen¬ 
erates,  times  and  synchronizes  the 
pulses  is  described.  The  functions 
performed  by  this  equipment  are: 
(1)  to  generate  and  broadcast  40- 
microsecond  pulses  of  r-f  at  1,700  to 
2,000  kc  and  at  a  peak  power  level  of 
from  75  to  150  kw;  (2)  to  repeat  the 
pulses  at  25  or  33  i  pps  so  precisely 
that  the  accumulated  error  in  tim¬ 
ing  the  pulses  does  not  amount  to 
more  than  a  microsecond  over  a 
period  of  several  minutes;  and  (3) 
to  synchronize  the  timing  of  the 
pulse  sequence  with  that  of  a  similar 
sequence  to  an  accuracy  of  one  micro¬ 
second.  These  rather  formidable  re¬ 
quirements  are  met  by  three  basic 
units  known  as  the  transmitter,  the 
timer  and  the  synchronizer. 

The  layout  of  a  Loran  transmit¬ 
ting  station  comprises  a  vertically- 
polarized  non-directional  transmit¬ 
ting  radiator,  and  a  similar  (usually 
directional)  receiving  antenna,  ap¬ 
propriate  radial-conductor  ground 
systems  for  each,  and  buildings 
which  house  the  equipment  and  the 
primary  power  supply.  The  trans¬ 
mitting  and  timing  equipment  are 
provided  in  duplicate  to  permit  un¬ 
interrupted  24-hour  service. 

The  pulses  from  the  distant  sta¬ 


tion,  to  which  the  transmitter  is  to 
be  synchronized,  are  fed  to  a  shielded 
room  within  the  transmitting  build¬ 
ing,  a  precaution  to  insure  that  the 
local  transmitted  signal  does  not 
block  the  receiver.  The  received 
^'remote”)  signal  is  delayed  and 
thereafter  displayed  on  a  cathode- 
ray  indicator.  The  transmitted 
(“locar’)  signal,  properly  attenuated, 
is  displayed  on  the  same  screen,  and 
the  phase  of  the  transmitted  keying 
system  is  adjusted  until  the  remote 
and  local  signals  appear  superim¬ 
posed  on  the  indicator.  As  originally 
set  up,  this  synchronized  relation¬ 
ship  was  maintained  by  manual  ad¬ 
justment  of  the  local  pulse  rate; 
later  automatic  synchronizing  equip¬ 
ment  was  developed  which  performs 
this  function  without  human  aid,  and 


which  warns  the  operator  by  ringing 
a  buzzer  if  the  synchronization  fails. 
The  primary  power  source  is  60-cps 
115-volt  single  phase,  derived  from 
utility  lines  when  available,  or  gen¬ 
erated  by  gasoline-driven  power 
units. 

The  Transmitter 

The  transmitter  proper  is  a  self- 
excited  tunti'l  jrid  tuned-plate  push- 
pull  oscillator,  pulse  modulated  in  the 
cathode  circuit.  The  modulator  is 
driven  by  two  exciters  which  derive 
their  timing  from  respective  timers. 
Two  exciters  are  necessary  because 
certain  Loran  stations  are  required 
to  generate  two  sequences  of  pulses 
simultaneously,  at  slightly  different 
rates.  This  is  the  case  when  a  double 
master  station  (defined  in  Part  I  of 
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FIG.  1 — Block  diagram  of  the  Loron  transmitter.  The  modulator  con  be  driTen  by  two 
sets  of  pulses  umultaneously,  thus  permitting  synchronisation  with  two  adlocent 

stations 


this  series)  is  paired  with  two  slave 
stations,  the  two  pairs  operating  at 
different  pulse  rates.  Occasionally 
the  slave  stations  are  operated  with 
two  rates. 

The  transmitter  must  be  so  de¬ 
signed  that  there  is  a  minimum  of 
interaction  between  the  two  sequen¬ 
ces.  An  important  interaction  oc¬ 
curs  due  to  the  beating  effect  be¬ 
tween  „the  two  rates.  Suppose,  for 
example,  that  one  rate  is  25  pps  and 
the  other  25^  pps.  The  two  pulses 
occur  simultaneously  at  some  instant 
and  thereafter  are  separated  in  time 
until  400  (16x25)  pulses  have  passed 
(16  seconds  later)  when  they  again 
coincide.  Since  this  interaction  oc¬ 
curs  on  only  one  pulse  in  400  no  seri¬ 
ous  consequence  arises. 

Fulsa-formiHg  Circaits 

The  block  diagram  of  the  Loran 
transmitter  is  shown  in  Fig.  1.  The 
trigger  input  fed  to  the  transmitter 
from  the  timer  enters  the  exciter 
unit,  the  simplified  schematic  of 
which  is  shown  in  Pig.  2.  The  trig¬ 
ger  has  a  sharp  leading  edge  and 
an  exponential  decay.  The  trigger 
voltage  is  first  increased  by  passage 


through  a  pulse  transformer  and 
then  drives  a  gas  tetrode  (type  2050) 
through  a  diode  which  inhibits  gas- 
ion  bombardment.  In  the  plate  cir¬ 
cuit  of  the  gas  tetrode  is  a  40-milli¬ 
henry  inductor  and  an  0.008  /if 
capacitor.  This  series-resonant  cir¬ 


cuit  is  shocked  into  oscillation  by  the 
pulse  and  produces  a  positive  half¬ 
sine  wave  between  the  gas-tetrode 
plate  and  ground.  The  duration  of 
this  half  sine  wave  is  about  40  micro¬ 
seconds  at  half  amplitude.  This  is 
the  basic  pulse  width  of  the  trans¬ 
mitter  output;  it  can  be  adjusted  by 
changing  the  L  and  C  values.  The 
negative  half  of  the  sine  wave  is  not 
formed  since  the  gas  tetrode  is  by 
that  time  cut  off.  The  positive  wave 
thus  formed  is  passed  to  the  grids  of 
a  double  beam  tetrode  (type  829.4) 
which  are  normally  biased  well  below 
cutoff.  The  beam  tubes  are  connected 
in  a  cathode-coupled  circuit  known 
as  a  “bootstrap”  circuit.  This  cir¬ 
cuit  resembles  a  cathode  follower 
except  that  the  grid  circuit  is  re¬ 
turned  to  the  cathode  rather  than  to 
ground.  Hence  the  output  voltage 
developed  across  the  cathode  resis¬ 
tor  is  not  fed  back  to  the  grid,  there 
is  no  degeneration,  and  the  circuit 
has  normal  gain.  The  tube  and  all 
connected  elements,  including  the 
grid  driving  circuit,  rise  in  potential 
during  the  pulse,  which  appears  in 
positive  polarity  across  the  beam- 
tube  cathode  resistor.  The  boot¬ 
strap  circuit  has  the  advantage  of 
operating  with  zero  plate  current 
between  pulses  but  at  the  same  time 
delivering  positive  output  pulses 
which  permit  the  following  modula¬ 
tor  tube  likewise  to  be  cut  off  be¬ 
tween  pulses.  The  half  sine-wave 
pulse  is  distorted  to  more  nearly 


FIG.  2 — Schamottc  diagram  of  tho  oxcitor  unit  wUch  producM  40-iiucrosocond  pulses 
to  driTO  tho  modulator.  The  typo  829A  tube  is  connoctod  as  a  "bootstrap”  cathode- 
couplod  stogo  which  doos  not  roTorso  polarity 


NO 
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rectangular  shape  in  passing  through 
the  beam  tubes,  but  retains  its  width 
at  about  40  microseconds. 

The  output  pulse  of  the  exciter  is 
then  mixed  with  a  similar  pulse 
sequence  produced  by  the  other  ex¬ 
citer  at  the  other  pulse  rate.  The  two 
pulse  sequences  are  combined  in  two 
diodes  as  shown  in  the  -  simplified 
schematic  of  the  modulator  (Fig.  3). 
The  diodes  permit  passage  of  each 
pulse  sequence  to  the  modulator  grid 
but  prohibit  passage  of  the  pulse 
sequence  from  one  exciter  output  to 
the  other. 

Modulator*  Key*r 

The  modulator  proper  is  a  beam 
power  tube  (type  715A)  capable  of 
operation  with  very  high  voltage  on 
its  plate  (up  to  5  kv).  The  grid  of 
the  modulator  is  biased  well  beyond 
cutoff  and  hence  the  modulator  does 
not  normally  conduct.  When  a  pulse 
is  delivered  to  it  through  the  mixer 
from  either  exciter,  the  modulator 
is  driven  to  full  conduction,  acting 
as  a  virtual  short-circuit  between  the 
r-f  oscillator  cathode  and  ground. 
The  cathode  bias  is  thereby  removed 
from  the  oscillator  and  oscillations 


FIG.  3 — The  modulator,  connected  in  the 
cctthode  circuit  of  the  oscillator.  Two  ex¬ 
citer  outputs  ore  combined  in  a  diode 
mixer  and  drire  the  715A  beam  tube 
which  shorts  the  oscillator  cathode  to 
ground 

begin,  reaching  full  amplitude  in 
about  20  cycles  of  the  carrier.  Forty 
microseconds  later,  at  the  conclusion 
of  the  modulator  pulse,  the  modula¬ 
tor  is  cut  off. 

The  cessation  of  modulator  cur¬ 
rent  reintroduces  the  cathode  bias  of 
the  oscillator  and  shuts  off  the  oscil¬ 
lations.  To  aid  in  this  action,  a  40- 
millihenry  inductor  shunted  by  2,800 
ohms  resistance,  is  included  in  the 
modulator  circuit  between  modulator 


FIG.  4 — Simplified  schematic  of  the  push-pull  oscillator.  This  self-excited  iinit  produces 

peak  power  of  75  to  150  kw 


plate  and  ground.  During  the  pulse, 
a  current  builds  up  in  this  inductor, 
flowing  through  the  modulator.  When 
the  modulator  is  shut  off  at  the  end 
of  the  pulse,  the  current  in  the  in¬ 
ductor  cannot  be  shut  off  instantane¬ 
ously  so  a  high  voltage  is  induced 
across  its  terminals.  The  polarity 
of  this  induced  voltage  is  such  as 
to  make  the  modulator  plate  more 
positive,  and  this  is  the  proper  polar¬ 
ity  to  drive  the  oscillator  cathodes, 
connected  to  the  modulator  plate,  to 
cutoff.  Hence  the  inductor  serves  the 
impress  a  higher  than  normal 
cathode  bias  on  the  oscillator  at  the 
conclusion  of  the  pulse  and  the  r-f 
oscillations  are  thereby  abruptly 
terminated. 

R*F  G«a«rafor 

The  oscillator  itself  (Fig.  4)  is 
remarkable  in  the  fact  that  a  self- 
excited  oscillator  can  be  made  to  have 
high  stability,  not  only  in  frequency 
but  also  in  the  starting  phase  of  the 
r-f  cycles  at  the  beginning  of  each 
pulse.  This  stability  is  achieved  by 


careful  elimination  of  incipient  para¬ 
sitic  oscillations,  good  electrical 
symmetry  between  the  two  halves  of 
the  oscillator,  and  the  absence  of  ex¬ 
cessive  heating.  The  oscillator  tubes 
(type  98-R)  are  air-cooled  external- 
anode  tubes  rated  at  1,000  watts 
average  plate  dissipation.  The  actual 
average  power  fed  to  these  tubes  is 
from  150  to  300  watts,  of  w’hich  less 
than  100  watts  is  plate  dissipation. 

The  duty  cycle  of  the  system,  w'hen 
double  pulse  sequences  are  carried, 
is  two  40-microsecond  pulses  everj* 
40,000  microseconds  (at  25  pps),  or 
about  0.2  percent  When  100  kw 
peak  power  output  is  delivered 
at  60  percent  efficiency,  the  peak 
input  power  is  133  kw,  and  the 
average  input  power  is  133  x  0.002  = 
0.26  kw.  The  oscillator  tubes  are 
considerably  oversize  from  the  plate 
dissipation  standpoint,  but  not  when 
the  peak  power  requirements  are 
considered.  The  98-R  tubes  have 
thoriated  filaments  which  can  deliver 
10  amperes  peak  emission  current, 
and  w'hich  can  be  operated  with  up 
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to  25  kv  on  the  plates.  Normal  oper¬ 
ating  plate  potential  is  about  17.5  kv, 
derived  from  a  bridge  rectifier  (four 
type  8020  diodes). 

Circuitwise  the  oscillator  is  a  con¬ 
ventional  tuned-grid  tuned-plate  ar¬ 
rangement,  the  grid  circuit  assum¬ 
ing  control  of  the  frequency.  Posi¬ 
tive  bias  is  applied  to  the  grids  to 
assure  rapid  starting  at  the  begin¬ 
ning  of  each  pulse.  Coarse  adjust¬ 
ment  of  frequency  is  introduced  by 
taps  on  the  grid  and  plate  coils,  fine 
adjustment  by  rotating  a  shorted 
turn  within  each  coil.  Figure  5 
shows  the  construction  of  the  trans¬ 
mitter  and  its  components. 


ulated  timing  error  less  than  1  micro¬ 
second  over  a  period  of  3  minutes 
and  the  design  specifications  are  con¬ 
siderably  more  stringent  than  this. 
One  microsecond  stability  is  attained 
for  periods  as  long  as  20  minutes, 
which  corresponds  to  a  frequency  sta¬ 
bility  of  1  part  in  10’.  If  this  error 
were  maintained  for  a  period  of  30 
years,  the  accumulated  error  of  this 
clock  would  amount  to  less  than  a 
second.  The  Meacham  bridge  circuit, 
used  in  the  oscillator,  provides  the 
requisite  high  stability. 

The  oscillator  output  in  sinusoidal 
form  is  split  into  four  phases  and 
passed  through  a  capacitive  phase 


The  Timer 

The  timer  is  the  central  feature  of 
the  Loran  station,  since  it  establishes 
the  pulse  rate  and  maintains  the 
pulse  intervals  on  which  the  opera¬ 
tion  of  the  system  is  based.  Essen¬ 
tially  the  timer  is  a  50-kc  quartz- 
crystal  clock  of  the  highest  attain¬ 
able  accuracy,  with  auxiliary  divider 
circuits  which  generate  the  trigger 
pulses  at  25  or  33J  pps.  The  fre¬ 
quency  of  the  quartz-crystal  clock  is 
adjustable  over  a  limited  range  and 
this  adjustment  is  employed  to  keep 
the  transmitted  pulses  precisely  in 
synchronism  with  Loran  signals  re¬ 
ceived  from  the  other  station  of  the 
Loran  pair.  The  local  and  remote 
signals  are  received  over  the  same 
channel  and  presented  on  the  same 
indicators,  in  a  manner  similar  to 
that  of  the  Loran  receiver  (see  part 
II  of  this  series).  The  quartz-crystal 
oscillator  frequency  divider  and 
selector  circuits,  receiver  and  indica¬ 
tors  are  contained  within  the  timer 
assembly,  as  shown  in  Figs.  6  and  7. 
External  to  the  timer,  but  closely  as¬ 
sociated  with  it  functionally,  are  the 
local  signal  attentuator,  the  auto¬ 
matic  synchronizer  and  switching 
gear  for  interchanging  duplicate 
equipment  in  case  of  failure. 

Time-Frequency  Standard 

Figure  8  shows  the  block  diagram 
of  the  timer  and  related  equipment. 
The  action  of  the  timer,  and  of  the 
entire  system  for  that  matter,  starts 
with  the  50-kc  quartz-crystal  oscil¬ 
lator.  The  quartz  bar  is  designed  to 
have  the  most  stable  frequency  pos¬ 
sible  and  is  carefully  mounted  and 
temperature  controlled.  The  operat¬ 
ing  specifications  require  an  accum¬ 


FIG.  5 — Rear  view  of  Loran  transmitter 
showing  two  exciter  units  (top)  and  25-kv 
bridge  rectiiier  (bottom) 


shifter.  Rotation  of  the  phase  shifter 
dial  adds  or  subtracts  any  desired 
fraction  or  whole  number  of  cycles  to 
the  oscillator  output  thus  shifting 
the  time  of  occurrence  of  the  output 
trigger  pulses.  Attached  to  the 
phase-shifter  shaft  is,  in  addition,  an 
auxiliary  frequency  control  which 
changes  the  constants  of  the  oscilla¬ 
tor  circuit  by  a  small  amount  in  a 
direction  to  reduce  the  required 
amount  of  phase  shift.  Thus  as 
the  operator  adjusts  the  phase 
shifter  to  keep  the  remote  and 
local  pulses  in  synchronism,  he 
automatically  corrects  the  oscillator 
frequency  to  bring  the  pulse  rates,  as 


well  as  the  phases,  into  synchronism. 
After  a  few  adjustments  of  this 
type  (which  may  be  likened  to  the 
“aided-tracking”  mechanism  in  gun¬ 
fire  control  radars)  the  synchronous 
position  is  reached,  and  the  only  ad¬ 
justment  required  thereafter  is  that 
to  correct  for  the  minute  casual  vari¬ 
ations  in  the  crystal  frequency. 

Frequency  Dividers 

Returning  to  the  block  diagram 
(Fig.  8),  the  phase  shifted  oscilla¬ 
tor  output  is  passed  to  a  frequency 
doubler  and  blocking  oscillator  which 
produces  sharp  pulses  at  100  kc,  i.e. 
at  10  microsecond  separation.  These 
pulses  are  used  as  markers  on  the 
indicator  screens  and  also  to  drive 
the  ensuing  frequency-divider  chain. 
This  chain  consists  of  six  counter 
circuits,  dividing  by  factors  of  5,  2, 
5,  2,  5  and  4  respectively  to  achieve  a 
frequency  of  50  cps.  For  operation 
at  33§  cps,  the  last  counter  divides  by 
3,  producing  an  output  frequency  of 
66s  cps. 

At  intervals  along  the  divider 
chain,  as  shown,  100  and  1,000-mi¬ 
crosecond  marker  pulses  are  led  off, 
mixed  and  applied  to  the  vertical  de¬ 
flection  plates  of  the  indicators. 
These  markers  are  also  used  to  syn¬ 
chronize  the  delay  circuits  as  herein¬ 
after  described. 

Each  divider  circuit  is  a  combina¬ 
tion  of  a  blocking  oscillator  and  two 
diodes,  through  which  a  capacitor  is 
charged  in  steps  until  its  voltage 
reaches  a  sufficient  level  to  trigger 
the  following  blocking  oscillator.  A 
detailed  description  of  the  counter 
circuit  is  contained  in  part  II  of  this 
series. 

The  output  of  the  divider  chain 
is  fed  to  a  square-wave  generator 
(Eccles-Jordan  circuit)  which  intro¬ 
duces  the  final  division  by  a  factor  of 
2  and  produces  two  rectangular 
waves  of  opposite  polarity  at  25  or 
33 J  pps.  These  are  the  basic  pulse 
rates  of  the  system.  Feedback  is  pro¬ 
vided,  as  in  the  Loran  receiver-indi¬ 
cator,  to  introduce  slight  variations 
in  the  basic  pulse  rates  (in  steps  of 
^  cps  at  25  cps). 

Master-Slave  Operation 

The  leading  edges  of  the  rectangu¬ 
lar  waves  are  used  to  coordinate  the 
remaining  functions  of  the  timer. 
Before  describing  these  functions,  a 
distinction  must  be  made  between 
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FIG.  6 — Model  C-1  Loran  timer,  which  synchronises  the  signals 
with  the  adjacent  station 


operation  of  the  timer  in  a  master 
station  and  in  a  slave  station.  In  a 
master  station  (type  A  operation), 
the  timer  is  adjusted  initially  to  have 
a  value  within  a  few  thousands  of  a 
percent  of  the  correct  value  and  then 
thereafter  operates  without  adjust¬ 
ment.  In  the  slave  station  (type  B 
operation)  the  time  of  occurrence  of 
the  slave  pulses  is  adjusted  from 
time  to  time  to  maintain  the  proper 
relationship  with  the  master  pulses. 

The  same  timer  equipment  is  used 
in  either  case,  but  the  manner  of  con¬ 
nection  and  operation  differs.  The 
primary  difference  arises  in  the  se¬ 
quence  of  the  master  and  slave  pulses. 
In  the  slave  station  the  master  pulse 
arrives,  and  after  a  delay  of  approxi¬ 
mately  1,000  microseconds  the  slave 
pulse  is  transmitted.  In  the  master 
station,  on  the  other  hand,  the 
master  pulse  is  transmitted  at  will 
and  the  slave  pulse  is  received  after 
1.000  microseconds  plus  twice  the 
time  required  for  the  pulse  to  trav¬ 
erse  the  distance  between  master 
and  slave  stations.  Evidently  differ¬ 
ent  delays  are  required  in  the  two 
cases  to  bring  the  master  and  slave 


pulses  into  coincidence  on  the  indi¬ 
cator  screen. 

Consider,  first,  operation  in  a  slave 
station,  and  refer  to  Fig.  8.  As 
shown  at  the  right  in  the  diagram, 
the  remote  signal  (from  the  master 
or  “A"  station)  arrives  at  the  receiv¬ 
ing  antenna,  is  passed  through  a 
coupling  unit  and  through  an  attenu¬ 
ator  (which  is  inactive  when  the 
remote  signal  arrives  and  hence  in¬ 
troduces  no  attenuation)  and  thence 
to  a  superheterodyne  receiver.  This 
receiver  is  similar  in  all  essential  re¬ 
spects  to  the  receiver  of  the  Loran 
receiving  equipment  used  by  the  nav¬ 
igator.  The  remote  signal  after  de¬ 
tection  and  amplification  by  the 
receiver  is  passed  to  a  mixer  ampli¬ 
fier  where  the  marker  pulses  from 
the  divider  chain  are  mixed  with  it. 
The  combined  signal  is  applied  to  the 
vertical  defiection  plates  of  the  two 
indicator  tubes.  Thus  the  remote 
signal  is  presented  to  the  operator. 


Local  Signal  Attenuation 


After  a  delay  introduced  by  the 
timer,  the  trigger  signal  is  passed 
from  the  timer  to  the  transmitter 


which  thereupon  emits  the  slave 
pulse.  This  pulse  is  very  strong  and 
would  tend  to  block  the  receiver  were 
it  not  for  several  precautions.  In  the 
receiving  coupling  unit,  two  gas 
tubes  (type  VR-105)  are  inserted 
w’hich  break  down  during  the  trans¬ 
mission  of  the  local  pulse  and  thus 
prevent  more  than  a  few  volts  being 
impressed  on  the  receiver  transmis¬ 
sion  line.  Moreover,  the  attenuator 
previously  mentioned  is  active  dur¬ 
ing  the  reception  of  the  local  pulse 
and  further  attenuates  the  signal 
(down  to  a  few  microvolts  ampli¬ 
tude).  This  attenuator  consists  of 
t\vo  mutually  isolated  amplifier  stages 
(type  6 ACT)  whose  grids  are  biased 
beyond  cutoff  during  the  transmis¬ 
sion  of  the  local  pulse,  by  a  rectangu¬ 
lar  wave  derived  from  the  selector 
circuits  of  the  timer.  Careful  shield¬ 
ing  and  arrangement  of  circuits  are 
required  to  minimize  unwanted 
pickup  of  the  local  signal  from  unde¬ 
sired  sources.  Installation  of  the 
timer  and  attentuator  equipment  in 
a  shielded  room  is  standard  practice. 

The  local  signal  must  be  viewed  on 
the  indicator  for  matching  with  the 
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remote  signal.  For  this  purpose,  the 
local  signal  is  picked  up  directly  at 
the  transmitting  antenna  coupling 
unit,  passed  through  a  network  which 
introduces  a  known  delay  and  thence 
to  the  receiver.  By  this  means  both 
remote  and  local  signals  are  caused 
to  suffer  the  same  delay  between  pick¬ 
up  antenna  and  indicator  deflection 
plates.  The  amount  of  pick-up  from 
the  local  antenna  is  adjusted  by  a 
potentiometer  at  the  input  to  the 
receiver,  so  that  both  local  and  re¬ 
mote  signals  have  the  same  ampli¬ 
tude  on  the  indicator  screen.  If  either 
the  local  or  distant  signals  should 
change  amplitude  for  any  reason,  ad¬ 
justment  of  this  potentiometer  will 
equalize  the  signal  amplitudes. 

Sciwetor  CircNits 

The  remaining  function  of  the 
timer  equipment  is  the  generation  of 
the  trigger  pulses  which  drive  the 
transmitter.  This  is  accomplished  in 
selector  circuits,  two  groups  of 
which  are  provided ;  one  for  the  slave 
pulse  (B  selector)  the  other  for  the 
master  pulse  (A  selector).  The  ini¬ 
tial  circuit  of  each  selector  is  a 
delay  multivibrator,  actuated  by  the 
rectangular-wave  output  of  the  Ec- 


cles-Jordan  circuit.  After  a  delay  de¬ 
termined  by  the  constants  of  this 
multivibrator,  a  gate  pulse,  less  than 
1,000  microseconds  long,  is  formed 
and  mixed  with  the  1,000-microsec- 
cnd  markers  from  the  fourth  divider. 
In  this  manner  a  particular  1,000- 
microsecond  marker  is  selected  from 
the  sequence.  This  pulse  is  passed  on 
to  another  delay  multivibrator  (“fine 
delay”)  which  reacts  after  an  adjust¬ 
able  time  and  selects  a  particular 
50-microsecond  pulse  from  the  se¬ 
quence  generated  by  the  second  di¬ 
vider.  In  the  case  of  the  A  selector, 
this  latter  pulse  is  used,  after  suit¬ 
able  shaping  and  amplification,  to 
form  the  output  trigger  which  drives 
the  transmitter.  In  the  case  of  the  B 
selector,  the  pulse  is  passed  through 
an  additional  delay  multivibrator 
which  permits  a  continuous  adjust¬ 
ment  within  any  selected  60-micro- 
second  interval.  Thereafter  the  de¬ 
layed  pulse  is  used  as  the  trigger. 
As  shown  in  the  diagram,  a  two-way 
link  is  provided  which  connects  the 
trigger  circuit  to  the  A  selector  when 
the  timer  is  used  in  a  master  station, 
or  to  the  B  selector  when  used  in  a 
slave  station. 

The  output  of  the  selector  circuits 


is  thus  seen  to  depend  on  the  mark¬ 
ers  for  the  precision  of  timing  rather 
than  on  the  constants  of  the  delav 
multivibrators.  Since  the  marker^ 
are  directly  generated  from  the  sta¬ 
ble  quartz-crystal  oscillator,  rigid 
synchronization  at  the  desired  rate 
and  interval  is  assured. 

Another  two-way  link  is  provided 
between  the  selector  circuits  and  the 
attenuator  previously  mentioned. 
The  attenuator  is  driven  by  the  \ 
selector  (which  initiates  a  1,800-nii- 
crosecond  wave  to  bias  the  attenuat¬ 
ing  amplifier)  in  the  case  of  master 
operation,  or  by  the  B  selector  for 
slave  operation. 

iBdicotor  Otellloscopws 

The  indicators  are  similar  in  func¬ 
tion  to  the  receiver  indicators  de¬ 
scribed  in  Part  II  of  this  series.  Two 
indicators  are  used  so  that  the  slow 
sweeps  (showing  the  full  repetition 
interval  of  the  system)  and  the  fast 
sweep  (showing  the  expanded  pulses 
superimposed)  may  be  monitored  si¬ 
multaneously.  The  slow  sweep  is 
driven  by  the  output  of  the  Eccles- 
Jordan  circuit  at  50  (or  66§)  pps, 
and  a  trace  separation  voltage  is  im¬ 
posed  from  the  same  source  in  the 
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FIG.  8 — Block  diagram  of  timing  unit.  This  equipment  performs  functions  ^milar  to  the  Loron  rec^Ter 
indicator  but  with  greater  precision  and  stobiUty.  Two  indicators  show  slow  and  fast  sweeps  simultaneously 
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vertical  dimension.  Thus  two  parallel 
traces,  each  20,000  (or  15,000)  mi¬ 
croseconds  long,  are  formed  with  ped¬ 
estals,  markers  and  received  signals 
superimposed  on  them.  The  pedestals 
are  formed  by  the  output  triggers  of 
the  A  and  B  selectors,  and  the  time 
difference  between  the  pedestals  is 
determined  by  the  settings  of  the 
coarse  and  fine  delay  controls  in  the 
selectors. 

Operation  as  a  Master 

In  the  case  of  master  station 
operation,  the  A  pedestal  is  placed  at 
a  convenient  position  to  the  left  of 
the  top  trace,  and  the  B  pedestal  to 
the  right  on  the  lower  trace  by  an 
amount  equal  to  the  slave  station  de¬ 
lay  (usually  950  or  1,000  microsec¬ 
onds)  plus  twice  the  time  of  traverse 
i|  between  master  and  slave  stations. 

1 1  Since  the  same  trigger  forms  the  A 
pedestal  and  the  local  (master)  pulse, 
!l  the  master  pulse  appears  at  the  be- 
^  ginning  of  the  master  pedestal.  When 
the  remote  slave  station  is  maintain- 
I  ing  proper  sync,  the  slave  pulse  ap- 
^  pears  at  the  beginning  of  the  slave 
pedestal.  Adjustment  of  the  contin- 
$  uous  delay  in  the  B  selector  permits 
placing  the  two  pulses  directly  one 
I  under  the  other  on  the  expanded 
?  (fast)  sweep.  The  operator  of  the 
master  station  is  thus  enabled  to 
-  monitor  the  synchronization  per¬ 
formed  by  the  slave  station  and  to 
I  give  w’arning  if  the  synchronization 
n  fails.  In  this  way,  two  checks  are 
J  provided  on  the  synchronization  (in 
addition  to  monitor  stations  set  up 
for  the  purpose). 

Operation  as  a  Slave 

When  the  timer  is  used  in  a  slave 
S  station,  the  two-way  links  are  con- 
i-  nected  in  the  B  positions,  and  the 
f  local  (slave)  transmitter  is  trig¬ 
gered  by  the  B  selector,  so  the  slave 
.  pulse  must  appear  at  the  beginning 
of  the  slave  pedestal.  The  remote 
master  pulse  appears  to  the  left  on  the 
^  master  pedestal  by  an  amount  de- 
^  termined  by  the  settings  of  the  A 
I  selector.  This  amount  is  set  at  a 
I  particular  value  (950  or  1,000  micro- 
seconds),  known  as  the  slave  station 
delay.  Provision  is  made  for  chang¬ 
ing  this  delay  in  accordance  with  a 
prearranged  code,  for  use  in  wartime 
to  confuse  the  enemy  should  he  at¬ 
tempt  to  use  the  transmissions. 

The  slave  station  operator  views 
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FIG.  9 — Block  diagram  of  the  automatic 
synchronizer  which  keeps  slave  and  mas¬ 
ter  pulses  in  step  without  manual  control 


master  and  slave  pulses  on  the  fast 
sweep  and  adjusts  the  oscillator 
phase  shifter  as  required  to  keep  the 
two  pulses  superimposed.  In  this 
manner  the  slave  station  is  triggered 
in  rigid  synchronization  with  the  re¬ 
ception  of  the  remote  master  pulses. 

Aatomatic  synchronization 

A  device  which  performs  slave  sta¬ 
tion  synchronization  automatically 
has  been  introduced  to  relieve  the 
burden  of  manual  operation  of  the 
slave  timer.  This  device,  known  as 
the  synchronizer,  is  used  normally 
only  for  type  B  operation.  The  block 
diagram  of  the  synchronizer  is  shown 
in  Fig.  9.  The  synchronizer  com¬ 
pares  the  time  of  occurence  of  the 
remote  (master)  signal  with  that  of 
the  remote  (A)  pedestal  in  the  timer. 
The  comparison  is  carried  out  in  a 
so-called  coincidence  mixer,  an  am¬ 
plifier  fed  from  two  sources.  To  the 
control  grid  of  this  amplifier  the  re¬ 
mote  signal  is  fed  directly  from  the 
receiver.  The  cathode  of  the  same 
tube  receives  a  narrow  rectangular 
wave,  about  5  microseconds  long, 
which  is  derived  from  the  A  selector 
of  the  timer.  The  pulse  which  forms 
the  A  pedestal  in  the  timer  is  passed 
through  a  synchronizer  delay  multi¬ 
vibrator  which  introduces  a  delay 
equal  to  the  cumulative  delay  experi¬ 
enced  by  the  local  signal.  The  delay 
pulse  generates  the  gate  pulse. 

Coineidaaea  Mixer 

The  coincidence  mixer  with  remote 
signal  and  gate  applied  to  grid  and 
cathode  respectively,  passes  plate 
current  only  when  both  signals  are 
present  simultaneously,  and  the  mag¬ 


nitude  of  the  current  passed  depends 
on  the  time  relationship  between 
them,  increasing  as  the  gate  more 
nearly  approaches  the  center  of  the 
remote  pulse. 

DifFerential  Amplifier  and  Alarm 

The  output  of  the  coincidence 
mixer  thus  consists  of  pulses,  the 
peak  value  of  which  depends  on  the 
degree  of  coincidence  between  re¬ 
mote  signal  and  the  pedestal  on 
which  it  is  displayed.  These  pulses 
are  passed  through  a  diode  detector 
and  charge  a  capacitor  to  the  peak 
value  of  the  pulses.  The  voltage 
across  the  capacitor  is  thus  a  m'eas- 
ure  of  the  degree  of  synchronization. 
The  capacitor  voltage  is  compared 
with  a  steady  reference  voltage  in  a 
differential  amplifier  which  develops 
an  output  proportional  to  the  differ¬ 
ence  between  them.  If  this  difference 
voltage  exceeds  a  certain  limit  it 
actuates  a  relay  and  a  warning 
buzzer  operates,  indicating  depart¬ 
ure  from  the  established  limits  of 
synchronization  (plus  or  minus  one 
microsecond). 

Time-Frequenpy  Corrector 

Variation  in  the  difference  volt¬ 
age  actuates  a  balanced  phase  cor¬ 
rector,  consisting  of  two  tubes  fed 
voltage  from  the  50-kc  oscillator  in 
the  timer.  The  latter  voltage  is  split 
into  tw’o  phases,  180  degrees  apart, 
w'hich  are  fed  to  the  control  grids 
of  the  phase  corrector  tubes.  The 
screen  grids  of  the  same  tubes  re¬ 
ceive  the  difference  voltage  from  the 
differential  amplifier.  Consequently 
the  voltage  appearing  across  the  com¬ 
mon  plate  connection  of  the  tw’o  tubes 
and  ground,  shifts  in  phase  as  the 
difference  voltage  varies.  This  50-kc 
signal,  with  phase  shifting  in  accord¬ 
ance  with  the  relative  displacement 
of  the  remote  signal  and  the  gate 
signal,  is  fed  back  to  the  50-kc  oscil¬ 
lator  in  such  polarity  that  it  “pulls” 
the  oscillator  frequency  in  the  proper 
direction  to  overcome  the  departure 
from  synchronization. 

Readers  interested  in  more  com¬ 
plete  descriptions  of  Loran  equip¬ 
ment  will  be  interested  to  know^  that 
the  Radiation  Laboratory  is  prepar¬ 
ing  a  book  on  the  Loran  System 
wrhich  will  be  issued  as  one  of  the  28 
volumes  in  the  Radiation  Laboratorj* 
Technical  Series,  to  be  published  in 
1946. — D.G.F. 
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Sensory  cud  doTeloped  by  Signal  Corps 
Engineering  Laboratories.  The  air-conduc¬ 
tion  headphone  is  shown  at  the  right.  The 
complete  unit  weighs  about  nine  pounds 

The  need  for  a  means  which 
would  indicate  to  a  blind  person 
the  presence  of  obstacles  in  his  path, 
or  irregularities  in  the  ground  sur¬ 
face  such  as  steps  and  holes,  and  the 
distance  to  them,  has  been  long  and 
keenly  felt.  Everyone  is  familiar  to 
some  extent  with  the  role  played  in 
this  connection  by  the  Seeing  Eye 
dog.  However,  numerous  factors 
limit  the  proportion  of  sightless  peo¬ 
ple  who  can  use  the  dog,  and  indi¬ 
cate  the  need  for  a  device  which 
might  perform  at  least  some  of  the 
same  functions. 

Very  little,  if  any,  work  aimed  at 
the  development  of  such  a  device  had 
been  done  prior  to  the  war.  However, 
World  War  II,  with  its  blinded  vet¬ 
erans  and  its  dramatic  demonstra¬ 
tion  of  the  powders  of  the  electronic 
art,  has  provided  real  impetus  toward 
such  a  development.  Activity  was 
initiated  at  the  Signal  Corps  Engi¬ 
neering  Laboratories  at  Bradley 
Beach,  New  Jersey,  in  April  1945,  at 
the  request  of  the  Surgeon  General. 
Earlier  activity  was  started  under 
OSRD  auspices. 

This  article  in  no  sense  reports  a 
finished  work.  It  is  intended  as  an 
interim  report  only,  to  record  the  re¬ 
sults  of  progress  at  this  laboratory 
to  date  and  to  stimulate  ideas  for 
other  methods  of  attack  on  this  hu¬ 
manely  important  problem. 

Specific  performance  requirements 
for  a  practical  device  agreeable  to  all 
are  not  easily  defined.  Tentatively, 
the  following  .objectives  have  been 
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Miniature  battery  charger  for  the  sensory  aid  unit.  This  is  operated  from  ordinary  IIS  t 

a-c  mains 


set  up:  (1)  to  detect  steps  up  and 
steps  down;  (2)  to  provide  informa¬ 
tion  sufficient  to  enable  a  person  to 
follow  a  straight  line  such  as  that  in¬ 
dicated  by  curbing  or  a  wall;  (3)  to 
detect  objects  between  3  and  6  feet 
awa.v  with  which  a  person  may  col¬ 
lide;  (4)  to  provide  information  suf¬ 
ficient  to  enable  a  person  to  get  a 
rough  plan-position  picture  of  his  en¬ 
vironment;  (5)  to  accomplish  the 
above  with  reasonable  speed  and  re¬ 
liability  with  a  minimum  of  training 
and  equipment,  and  a  minimum  of 
interference  with  the  user’s  hearing. 

It  would  apijear  in  principle  that  a 
ranging  device  of  suitable  resolution 
in  azimuth  and  elevation — in  effect 
on  extended  cane — would  provide  the 
kinds  of  information  required.  Thus 
far  virtually  all  the  systems  consid¬ 
ered  had  as  their  objective  the  fur¬ 
nishing  of  information  about  the 
range  of  objects  up  to  distances  of 
about  30  feet,  within  a  cone  of  a  few 
degrees. 

Choice  of  Techaiqoes 

A  number  of  methods  of  attack 
were  initiated  simultaneousl.v,  using 
radio,  supersonic,  and  photoelectric 
techniques.  A  photoelectric  method 


has  yielded  the  most  promising  re¬ 
sults  thus  far,  and  the  remainder  of 
this  article  will  be  devoted  to  a  de¬ 
scription  of  a  s.vstem  whose  first  em¬ 
bodiment  is  now  suitable  for  practi¬ 
cal  evaluation,  and  is  undergoing  test 
by  blinded  veteran  personnel  under 
technical  supervision.  This  unit 
weighs  nine  pounds,  and  is  the  size 
of  a  large  book.  It  is  intended  to  be 
carried  in  the  hand  at  the  operator's 
side  for  convenience  of  aiming.  Fun¬ 
damentally,  the  device  is  a  one-point- 
at-a-time,  short-range  range  finder 
with  a  small  earphone  by  means  of 
which  the  user  receives  coded  infor¬ 
mation  about  what  the  device  sees. 

Optical  Triaagalotion  Principle 

The  principle  of  operation  may  be 
understood  by  reference  to  Fig.  1- 
An  incandescent  tungsten  lamp  at 
the  focus  of  a  lens  L,  causes  a  narrow 
beam  of  light  to  be  projected  along 
the  axis  of  the  system  an  image  of 
the  source  being  formed  at  infinity). 
If  the  beam  is  intercepted,  the  illum¬ 
inated  spot  on  the  object  serves  as  a 
secondary  source  which  is  imaged  m 
the  plane  of  lens  L-,  and  then  illumin¬ 
ates  the  phototube.  If  the  axes  of 
lenses  Li  and  L»  are  parallel,  the  locus 
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It  IS  apparent  that  to  distinguish 
the  projected  light  from  the  ambient, 
it  is  necessary  to  modulate  the 
former  in  some  way.  This  is  accom- 


^  Schematic  diagram  illustrating  triongulotion  ranging  principle.  As  the  distance 
lo  the  intercepting  object  becomes  great,  the  reflected  beam  passes  nearly  straight 
rough  the  axis  of  the  receiver  lens.  A  series  of  holes  in  the  coding  cone  allows  interpre¬ 
tation  of  the  angle  of  intercepted  light  on  the  photocell 


I  All  expf*rinieiital  j)hotoelectric  rangin«:  device  ”;ives  aural  indication  of  the  angle  between 
a  projected  beam  of  light  and  the  reflected  beam  from  an  obstacle.  The  angle  depends  upon 
distance  to  the  object,  which  can  be  interpreted  from  a  coded  tone  signal  bv  the  operator 

of  image-points  corresponding  to  the 
range  of  object-points  from  infinity 
to  some  near  point,  P,  will  be  along  a 
line  Q-Q'-  For  practical  purposes  this 
line  may  be  satisfactorily  approxi¬ 
mated  by  a  straight  line  nearly  per¬ 
pendicular  to  the  axis  of  the  receiver 
lens.  The  problem  of  ranging,  then, 
is  one  of  determining  the  position  of 
the  received  image  along  the  line 

Q-Q'. 

I  The  scheme  adopted  for  accom- 
I  plishing  this  is  mechanically  to  inter- 
I  rupt  the  rays  reflected  from  the  ob- 
I  ject  before  these  rays  are  received 

bv  the  phototube.  For  the  purpose  of  ,  .  .  . 

i  ^  .  ,  j  FIG.  2 — Two  experimental  types  of  coding  cone.  That  at  (A)  gives  dot-dash  signals, 

I  this  interruption,  a  flat  cone-shaped  while  that  at  (B)  gives  a  low-frequency  tone  whose  pitch  depends  upon  distance  to  an 
code  di.se  of  perforated  metal,  or  a  obstruction 

Ifilm  of  varying  density,  is  rotated  at 

a  constant  rate  in  front  of  the  cell,  an  earphone.  By  these  means  a  wide  each  revolution  of  the  disc.  As  the 

The  generatrix  of  the  cone-shaped  variety  of  codes  is  possible.  For  pur-  object  recedes,  the  image  overlaps 

disc  coincides  with  Q-Q\  and  the  cone  poses  of  illustration.  Fig.  2A  shows  the  next  code  signal,  which  is  a  dot 

is  mounted  with  its  axis  parallel  to  one  which  gives  dot-dash  signals,  and  and  a  dash,  and  the  signal  is  three 

I  the  receiver  lens.  The  signals  created  Fig.  2B  shows  one  which  depends  dots  and  a  dot-dash.  The  relative 

I  by  the  cell  due  to  the.se  interruptions  upon  a  rate  of  interruption.  Thus,  amplitude  of  the  two  signals  would 

I  fonn  a  c(*de  understandable  to  the  in  the  first  case,  the  rays  from  a  near  depend  upon  whether  the  range  cor- 

t  trained  operator  of  the  device,  and  object  causes  three  closely  spaced  responded  more  closely  to  the  three 

I  are  transmitted  to  him  by  means  of  signals  followed  by  a  long  pause  for  dots  or  the  dot-dash.  With  further 

increase  in  distance  of  the  object,  the 
signal  would  become  just  dot-dash, 
and  so  on. 

In  the  arrangement  shown  by  Fig. 
2B,  the  received  rays  would  be  in¬ 
terrupted  at  rates  which  increase  in 
geometric  steps  as  one  progresses 
from  the  center  of  the  cone  to  the 
edge  (corresponding  to  large  and 
small  distances,  respectively).  WTien 
the  image  overlaps  two  rates,  the 
higher  rate  will  be  effective,  with 
alternate  interruptions  accented.  In 
all  cases  the  coding  apertures  in¬ 
crease  in  size  with  decreasing  dis¬ 
tance  because  of  the  increase  in  im¬ 
age  size  as  the  distance  decreases. 

Modulated  Light  Source 


MTERCEPTWG  OBJECT 
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FIG.  3 — Schematic  wiring  diagram  of  the  phototube  stage  and  the  first  stage  of  the 
amplifier.  The  output  is  fed  into  a  slightly  modified.  conTentional  hearing-aid  unit 


plished  by  mechanically  interrupting 
the  light  output  of  the  transmitter 
by  means  of  a  rotating  perforated 
disc,  at  the  rate  of  500  cps.  The  mo¬ 
tor  used  to  drive  this  disc  is  also 
used  to  drive  the  coding  cone  through 
a  train  of  speed-reducing  gears. 

The  received  intelligence-bearing 
signal  thus  consists  of  500-cps  modu¬ 
lated  light  coded  with  dots  or  other 
characteristic  indications.  This  is 
detected  by  a  conventional  photo- 
emissive  gas-filled  phototube,  and  by 
an  amplifier  tuned  to  500  cps.  Pres¬ 
entation  of  the  information  is  aural, 
using  a  standard  air-conduction  type 
hearing-aid  receiver. 

Design  Considerations 

In  formulating  a  practical  design, 
the  principal  considerations  involved 
are  the  geometry  of  a  device  which 
Avill  provide  suitable  minimum  range 
and  range  increments,  and  the  sig¬ 
nal-noise  ratio  considerations,  which 
determine  such  things  as  the  maxi¬ 
mum  range  and  the  weight  of  the 
power  supply.  With  the  arrangement 
provided  in  the  first  model  of  the  de¬ 
vice,  using  standard  components,  the 
minimum  range  is  three  feet.  The 
specifications  of  transmitter  and  re¬ 
ceiver  optical  systems  follow.  Trans¬ 
mitter  lens :  focal  length,  1.5  in. ;  di¬ 
ameter,  1.0  in.;  achromat.  Receiver 
lens:  focal  length,  3  in.;  diameter, 
2.0  in. ;  achromat.  Separation  of 
axes:  5  in. 

The  light  source  is  a  3-watt  fiash- 
light  lamp  with  prefocused  base. 
With  this  arrangement  the  distances 
corresponding  to  those  for  which  the 


received  images  just  fail  to  overlap 
are  3.5,  5,  7,  10,  and  20  feet.  Thus, 
pure  signals  would  be  produced  from 
obstacle  at  these  distances. 

Sigaol-BoU*  Calculations 

The  signal-noise  ratio  provided  by 
the  system  may  be  calculated  for  the 
general  case,  if  we  assume  a  conven¬ 
tional  emission-type  phototube,  and 
if  we  assume  that  in  bright  sunlight 
shot-noise  due  to  steady  background 
light  illuminating  the  phototube  is 
the  limiting  noise. 

Thus,  for  an  object  at  infinity 

cb  Sb  if  Pb  Db  ^  1  ^ 

e.s  ~  4d*  sin  ^  ^cASbB 

“  vr+  (i/4f)) 

where  es  =  rms  signal  voltage 

es  =  rms  shot-noise  voltage 
Sa  =  phototube  light-to-current  con¬ 
version  factor  for  agnal 
W  =  candle  power  of  source 
Db  =  diameter  of  receiver  lens 
Pa  =  reflectance  of  object  for  trans¬ 
mitted  light 

Pb  =  reflectance  of  object  for  back¬ 
ground  light 

d  =  distance  of  object 
6  =  semi-angle  of  acceptance  of 

receiver  of  objects  at  infinity 
e  =  electron  charge 
A  =  amplifier  bandwidth 
Sb  =  Phototube  light-to-current  con¬ 
version  factor  for  background 
B  =  background  brightness 
/  =  f-value  of  transmitter  lens 

In  deriving  the  above  it  has  been 
assumed  that  optical  losses  are  negli¬ 
gible,  the  projected  light  is  chopped 
sinusoidally  with  no  loss,  and  the  ob¬ 
stacle  intercepts  the  whole  beam. 

The  values  of  the  various  param¬ 
eters  for  the  model  are  approxi¬ 
mately  as  follows:  /,  1.5;  6,  0.75  deg; 


W,  3  candles;  A,  100  cps;  Dg,  2  in.- 
Sb,  150  X  lO"*  amp  per  lumen. 

Assuming  Sa  —  Sb,  and  d  =  30 
feet,  we  have 

—  =  2  P*/  VB  X  10»  M', 

From  the  definition  of  the  various 
photometric  quantities  we  have 

B  =  7  pb/t  (3) 

where  I  is  the  ambient  illumination. 
Combining  Eq.  2  and  3  and  assum¬ 
ing  ps  z=  pt  =  p  gives 

ea/cM  =  2  Vtp/7  X  W  (4) 
For  temperate  latitudes  at  noon, 

=  10,000  foot-candles,  giving 

ea/cN  =  So  ^^p  (5) 

A  system  with  the  design  param¬ 
eters  given  should  then  be  capable  of 
providing  an  intelligible  signal  over 
a  reasonably  wide  variety  of  condi¬ 
tions  of  distance,  ambient  illumina¬ 
tion,  and  reflectivity. 

Interfereaee  from  Exteraal  Light  Sources 

In  the  foregoing  only  fundamental 
statistical  noise  has  been  considered. 
There  are  in  addition  extraneous 
light  signals  which  may  be  picked  up 
that  mar  intelligibility,  most  impor¬ 
tant  among  these  being  120-cps  sig¬ 
nals  due  to  artificial  light  sources, 
and  noise  due  to  modulation  of  am¬ 
bient  light  by  the  coding  cone. 

Both  of  these  may  be  dealt  with 
satisfactorily  by  choosing  a  suffi¬ 
ciently  high  modulating  frequency 
for  the  transmitter  and  tuning  the 
receiver  amplifier  sharply  about  that 
frequency,  with  special  attention  to 
keeping  the  low-frequency  gain  as 
small  as  possible.  Despite  these 
measures,  120-cps  signals  are  audible 
if  a  source  of  a-c  light  is  imaged  on 
the  coding  cone.  But  this  is  relatively 
improbable  chance,  and  in  any  case 
provides  useful  information.  Sig¬ 
nals  of  this  frequency  due  to  indirect 
illumination  are  effectively  filtered 
out,  however. 

The  coding  has  been  designed  so 
that  signals  generated  by  the  coding 
cone  shall  have  a  minimum  of  high- 
frequency  components.  In  the  pres¬ 
ent  model  this  is  accomplished  by 
having  the  minimum  number  of  code 
symbols  at  relatively  slow  speed  of 
rotation  (1  to  2  per  second),  and  by 
shaping  the  cone  apertures  so  that 
there  are  no  abrupt  changes  in  pho^ 
totube  illumination  as  the  disc  ro^ 
tates.  Low-frequency  noises,  audible 
as  “plop-plop”,  due  to  modulation  of 
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light  from  backgrounds  of  high 
brightness  by  the  coding  cone,  can  be 
heard  from  the  sky  under  certain  con¬ 
ditions.  It  should  be  possible  to  re¬ 
duce  or  eliminate  these  by  more 
effective  low-frequency  filtering,  or 
bv  placing  the  receiver  above  the 
transmitter,  so  that  the  former  will 
almost  always  be  illuminated  by 
points  below  the  horizon. 

To  keep  the  d-c  illumination  on  the 
phototube  to  a  minimum,  the  coding 
cone  is  backed  by  a  slit  which  lies 
along  the  line  Q-Q'.  To  provide  the 
maximum  signal,  the  width  of  the 
slit  should  be  the  same  as  the  diam¬ 
eter  of  the  received  image.  This 
would  make  it  closely  a  triangle, 
whose  vertex  corresponded  to  infin¬ 
ity.  However,  troublesome  modula¬ 
tion  of  ambient  light  is  due  primar¬ 
ily  to  the  code  signals  corresponding 
to  the  closer  range,  because  of  the 
large  size  of  the  corresponding  aper¬ 
tures.  Since  signals  at  the  close 


ranges  are  usually  of  more  than  ade¬ 
quate  amplitude,  the  slit  has,  in  fact, 
been  made  of  constant  width  for 
about  half  its  length,  as  shown  in 
Fig.  2B. 

Circait  Charaeterlstiet 

The  amplifier  in  the  first  model 
consists  of  four  stages  in  cascade, 
with  an  overall  voltage  gain  of  95  db. 
Hearing-aid  tubes  and  components 
are  used  throughout.  The  schematic 
wiring  diagram  of  the  phototube  and 
first  amplifier  stage  is  given  in  Fig. 
3.  Most  of  the  frequency  discrimina¬ 
tion  is  provided  by  the  tuned  circuit 
in  the  plate  of  the  first  stage  to  pre¬ 
vent  early  overloading  by  low-fre¬ 
quency  ambient  signals.  The  in¬ 
ductor  used  has  a  Q  of  approximately 
9  at  500  cps.  This  part  of  the  circuit 
alone  provides  a  6-db  drop  in  gain  at 
approximately  50  cps  plus  or  minus 
the  frequency  of  maximum  gain.  The 
remainder  of  the  amplifier  is  a  com¬ 


mercial  hearing-aid  unit  modified  to 
peak  at  500  cps.  It  uses  RC  filtering 
only,  and  provides  relatively  little 
useful  frequency  discrimination  ex¬ 
cept  at  the  lowest  frequencies. 

Mechanical  Problems 

Close  attention  must  be  paid  in  de¬ 
sign  of  the  electronic  parts  to  mini¬ 
mize  mechanical,  electrical,  and  mag¬ 
netic  coupling  between  them  and  the 
motor.  A  motor  having  good  speed 
stability  is  also  essential  if  maxi¬ 
mum  advantage  is  to  be  obtained 
from  the  narrow  band  width  of  the 
receiver.  A  completely  satisfactory 
motor  has  not  yet  been  obtained. 

Acknowledgments 

Invaluable  assistance  in  the  design 
and  construction  of  the  first  test 
model  has  been  provided  by  Messrs. 
N.  L.  Heikes,  E.  Blutman,  A.  Gray, 
and  E.  Wiler  of  the  Signal  Corps  En¬ 
gineering  Laboratories. 


Interior  eiew  of  the  sensory  old.  The  bottery  which  runs  the  drieing  motor  is  contained  in  the  compartment  at  the  lower  left  The 
•  arged  detail  to  the  right  shows  the  gear  train  driring  the  coding  cone  (lowest  toothed  wheel)  and  the  SOO-cps  cheaper  modulator 


(at  top  with  square  apertures) 


I 
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R-F  Soldering  of 


R-f  soldering  of  feed-through  insulators  to  back  of  meter  case 


R-f  soldering  of  pole  faces  to  Alnico  magnets  of  meter  moTementi 


The  production  of  solder-sealed 
meters  capable  of  withstanding 
25-inch  vacuum  tests  involves  a  num¬ 
ber  of  critical  soldering  operations. 
The  edge-metallized  glass  window 
and  the  glass-insulated  feed-through 
terminals  must  be  uniformly  and 
cleanly  soldered  to  the  steel  case  of 
the  instrument,  with  no  pinholes  or 
flux  inclusions.  Ordinary  techniques 
involving  soldering  irons  or  torches 
did  not  heat  the  entire  required  area 
at  a  uniform  rate,  left  a  rough,  un¬ 
finished  appearance,  and  required  a 


long  time-cycle  for  each  operation. 

Bearing  in  mind  that  a  number  of 
stations  or  fixtures  were  required  to 
handle  the  different  operations,  and 
considering  the  safety  factors  in¬ 
volved,  it  was  decided  to  build  a  num¬ 
ber  of  low-power  r-f  generators  that 
could  be  plugged  into  high-voltage 
d-c  outlets  scattered  throughout  the 
plant  and  fed  from  a  master  d-c 
power  supply. 

Placing  the  power  equipment  in  a 
remote  section  of  the  plant,  on  a  shelf 
near  the  ceiling  where  a  ladder  was 


required  for  access,  minimized  the 
danger  of  accidents  to  personnel  op¬ 
erating  the  units  and  prevented  un¬ 
authorized  persons  from  tampering 
with  the  power  supply. 

Design  of  R-F  Generators 

The  r-f  generators  were  mounted 
on  the  benches  in  standard  table  rack 
cabinets,  with  a  heavy  cable  running 
from  each  to  a  foot  switch  that  is 
mounted  on  the  floor  and  used  to 
turn  the  generator  on  and  off.  The 
foot  switch  is  connected  in  the  fila¬ 
ment  center-tap  lead  of  the  gener¬ 
ator  and  provides  effective  keying, 
as  the  plates  are  continually  ener¬ 
gized. 

The  generator  itself  is  a  simple 
push-pull  oscillator  using  type  805 
tubes  operated  somewhat  below  their 
maximum  rating  to  insure  stability. 
In  most  applications  the  generator  is 


Circuit  of  remotely  located  l.SOO-volt  d-c 
power  supply  and  one  of  the  r-f  generatoxs 
used  at  bench  locations.  No  filtering  is 
required  in  the  power  pack,  which  has  six 
independent  output  lines.  Generators  har¬ 
ing  small  loads  may  be  paralleled  on  one 
line,  so  that  the  power  pack  can  handle  ten 
or  more  units  simultaneously  under  some 
operating  conditions.  Automatic  timers 
prerent  closing  of  power  pack  plate  cir¬ 
cuits  until  the  rectifier  filaments  are  heated 
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Metal-to-Glass  Seals 


High  -voltage  d-c  power  from  a  remotely  located  bank  of  full-wave  rectifiers  is  run  to  outlets 
throughout  the  plant,  for  energizing  up  to  ten  r-f  generators  used  in  soldering  glass  windows 
and  feed-through  terminals  to  cases  of  hermetically  sealed  meters  by  electronic  heating 

By  R.  A.  AMMON 

General  Manager 
Marion  Electrical  Instrument  Co. 

Manchester,  A’ew  Hampshire 


tuned  to  about  30  me.  The  output  cir¬ 
cuits  are  designed  to  resonate  the 
work  coil  and  keep  the  r-f  voltage  on 
the  coil  at  a  minimum.  In  the  stand- 
dard  r-f  soldering  unit,  it  is  possible 
for  the  operator  to  place  her  hand 
directly  on  the  work  coil  while  an  in¬ 
strument  is  being  sealed,  without  re¬ 
ceiving  an  r-f  burn.  This  electronic 
soldering  system  is  actually  safer 
than  an  ordinary  soldering  iron  from 
the  standpoint  of  burns. 

By  shunting  work  coils  with  high- 
voltage  mica  capacitors  that  bring 
them  all  to  the  same  resonant  fre¬ 
quency  when  the  load  is  in  place,  all 
fixtures  can  be  interchanged  by  the 
operator  or  foreman  without  disturb¬ 
ing  the  generator  or  affecting  tuning. 

Soldering  Pole  Pieces 

Previously,  the  mounting  of  pole 
pieces  on  Alnico  magnets  for  meters 
by  a  resistance  soldering  method  left 
the  parts  badly  oxidized  at  the  points 
of  contact,  and  left  solder  runs  and 
excess  flux  scattered  over  the  w’ork. 
This  method  also  required  a  multi¬ 
plicity  of  fixtures  for  locking  the 
work  while  the  solder  joint  cooled. 

By  adapting  a  special  fixture  to 
one  of  the  standard  r-f  generators, 
it  was  possible  to  eliminate  these 
troubles.  Holding  fixtures  w'ere  no 
longer  needed,  and  the  finished  piece 
cooled  quickly  enough  to  permit  al¬ 
most  instant  ejection.  The  r-f  method 
thus  reduced  fabricating  cost  on 
magnet  assemblies  considerably  and 
permitted  sending  them  directly 
from  the  induction  soldering  machine 
to  the  electroplating  department 
without  further  finishing  or  cleaning. 
Production  capacity  was  doubled  for 


R-l  soldering  ol  metallized  edge  of  glass 
window  to  case  of  meter,  using  o  single¬ 
turn  flattened  work  coil 


this  particular  operation,  and  the  ap¬ 
pearance  of  the  finished  product  con¬ 
siderably  improved. 

Each  new  application  of  r-f  solder¬ 


ing  seems  to  suggest  another  use. 
As  one  example,  special  fixtures  for 
soldering  metallized  glass  jewel  bear¬ 
ings  in  position  on  the  frame  of  the 
meter  are  now  being  set  up.  Only  a 
small  part  of  the  available  power  will 
be  used  for  this  operation. 

With  appropriately  designed  fix¬ 
tures,  heating  at  high  frequencies 
can  be  localized  to  such  a  definite  de¬ 
gree  that  solder-flow  patterns  can  be 
predicted  and  damage  to  adjacent 
parts  eliminated. 'Thus,  in  soldering 
glass  windows  to  meter  cases  the  r-f 
soldering  equipment  heats  only  the 
rim  of  the  case  in  the  immediate  vi¬ 
cinity  of  the  metallized  edge  of  the 
glass,  leaving  the  glass,  the  rest  of 
the  case,  and  the  instrument  inside 
quite  cool. 


Master  power  supply,  using  twelre  type  866  mercury-Tapor  rectifier  txibes  to  supply 
l.SOO  Tolts  d-c  to  as  many  as  ten  r-f  generators  scattered  throughout  the  plant 
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Gaseous  Discharge  Tubes 

AND  APPLICATIONS 


Details  and  operating  circuits  of  a  new  crater-type  modulator  glow  lamp  for  facsimile  service, 
of  the  basic  strobotron  tube  for  stroboscopic  applications,  and  of  new  high-intensity  stro 
botrons  used  as  light  sources  in  high-speed  photography 


Industrial  Electronics  Division 
Sylrania  Electric  Products  Inc. 
Boston,  Mass. 


WARTIME  EXIGENCIES,  while  in  mentary  mechanical  television  sys- 
some  cases  forcing  the  stand-  terns,  were  lacking  in  the  required 
ardization  of  electron  tube  produc-  intensity,  stability  and  useful  life, 
tion  to  basic  types,  stimulated  design  A  new  attack  on  the  problem  from 
and  development  of  new  types  to  a  fresh  viewpoint  was  necessary.  The 
meet  tactical  and  strategic  require-  resulting  lamp,  unlike  the  usual  glow 
ments.  As  one  example,  facsimile  lamps,  depends  upon  a  two-fold  ef- 
transmission  was  recognized  by  mili-  feet  wherein  the  ionization  of  the  gas 
tary  agencies  as  highly  desirable,  results  in  the  excitation  of  the  cath- 
Existing  equipment,  however,  though  ode  material.  This  lamp  is  shown  in 
capable  of  high-quality  results.  Fig.  1  and  the  construction  in  Fig.  2. 
lacked  the  ruggedness  and  portabil-  The  base  is  of  the  standard  octal 
ity  required  in  field  equipment.  One  type.  The  bulb  is  selected  for  mini- 
of  the  most  serious  difficulties  was 
the  lack  of  a  facsimile  recording  ele¬ 
ment  for  service  applications.  The  ^ 

extreme  severity  of  the  military  re-  ^  >ooj — — — r  *] T'‘“]  '*T"n — | —  p 

quirements  finally  led  to  the  develop-  Vvi*  T 

ment  of  the  modulator  glow  lamp,  a  ‘  ^  *  ^7 

sturdy  crater- type  lamp  having  a  pV  '  — r "  j 

long  service  life.  /iZ 

Other  military  requirements  simi-  p  ^  / 

larly  led  to  the  development  of  new  |  /  ^ 

high-intensity  strobotrons  for  flash  I 

photography.  All  add  to  the  com-  '  3  7**  ^ 

plement  of  gaseous  discharge  tubes  j  P 

now  available  for  industrial  and  com- 
munications  applications. 

_ ^ - - - -t - 1 — ■ 

...  ■ - 4 - h" 

^  I  >  1 

A  crater  lamp  in  its  simplest  form  f  _ i _ 

is  a  glow  discharge  tube  with  a  hoi-  "7  _ i  __ 

low  cathode.  By  virtue  of  high  ion-  .  /  ! 

ization  density  and  the  fact  that  the  .  .py  I 

discharge  is  viewed  in  depth,  a  high  ^  ' 

effective  intensity  is  obtained.  Pre-  __  ZZ 

vious  types,  which  had  been  applied  ^  so 

to  sound-on-film  recording  and  ele-  _ 


FIG.  1 — ^New  modulator  glow  lamp  for 
facsimile  equipment 


FIG.  2 — Construction  of  modulator  glow 
lamp.  Crater  forms  inside  hollow  cathode 
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Examples  of  externally-excited  gaseous  discharge  tubes 


mum  distortion  at  the  end  as  this 
portion  of  the  bulb  lies  in  the  optical 
path.  The  mica  baffles  effectively  re¬ 
duce  blackening  of  the  lamp  end  due 
to ,  sputtering. 

In  a  typical  facsimile  receiving 


system  the  lamp  crater  is  focused  0.0104  inch  wide  on  a  2.75-inch  di- 
through  a  baffle  with  a  sharp  rec-  ameter  drum  carrying  the  sensitized 
tangular  opening.  The  image  of  this  material.  In  practice,  the  drum  rota- 
opening  is  focused  by  the  optical  sys-  tion  is  90  rpm  and  the  horizontal 
tern  so  as  to  give  a  spot  at  the  sensi-  scanning  movement  is  0.0104  inch 
tized  surface  0.0072  inch  high  and  per  revolution. 

The  curves  in  Fig.  3  give  an  over- 
all  idea  of  the  performance  to  be  ex- 

_ '  pected.  Thus,  Fig.  3A  shows  how  the 

light  output  varies  with  the  tube  cur- 
j — I  rent.  Fig.  3B  shows  the  spectrum 

I  I  I — I  of  the  output,  and  Fig.  3C  shows  how 

the  modulating  frequency  affects  the 
output  for  a  constant  tube  current. 
The  spectral  response  is  reasonably 
peaked  for  recording  purposes,  inso¬ 
far  as  is  compatible  with  other  de¬ 
sign  considerations. 

Elementary  single-ended  and  push- 
pull  output  circuits  are  shown  in 
Fig.  4.  The  degenerative  action  of 
the  amplifier  tube  provides  a  circuit 
in  which  the  current  through  the 
lamp  varies  linearly  with  signal  volt¬ 
age  regardless  of  variations  in  lamp 
impedance. 

Characteristics  of  the  modulator 
glow  lamp  are  such  that  its  adaption 
to  portable  sound-on-film  recording 
systems  naturally  follows  where  rug¬ 
gedness  must  accompany  high-qual- 


FIG.  3 — Perform¬ 
ance  cunree  of 
new  modulator 
glow  lamp, 
showing  (A)  the 
orerage  light  re¬ 
sponse.  (B)  typi¬ 
cal  worelength 
spectrum,  and 
(C)  orerage  fre¬ 
quency  response 
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ity  performance.  Applications  con¬ 
sidered  cover  oscillograph  timing 
markers,  stroboscopic  devices,  seis¬ 
mic  recorders,  photoelectric  count¬ 
ers,  and  other  instruments  where  a 
high  -  intensity  modulated  point 
source  of  light  is  required. 

Strobetroas 

Although  the  strobotron  is  not  a 
tube  in  the  strictest  sense,  the  impli¬ 
cations  of  its  special  properties  merit 
a  brief  review  of  its  characteristics. 
The  type  1D21/631P1  neon-filled  stro¬ 
botron  shown  in  Fig.  5  was  designed 
principally  as  a  medium-intensity 
light  source  for  stroboscopic  applica¬ 
tions.*’*  This  type  of  tube  and  the 
high-intensity  strobotrons  described 
later  were  developed  by  Edgerton, 
Germeshausen,  and  Grier  at  the  Mas¬ 
sachusetts  Institute  of  Technology. 
The  ability  of  the  tube  to  pass  ex¬ 
tremely  high  peak  anode  currents  of 
short  duration  led  to  its  use  as  a 
control  device  in  connection  with 
many  special  electronic  circuit  ap¬ 
plications.® 

Figure  6  gives  the  basic  circuit  of 
a  commercial  stroboscopic  test  device 
developed  by  the  General  Radio  Com¬ 
pany,  employing  a  strobotron  light 


source  driven  by  a  multivibrator. 
The  oscillation  frequency  is  varied 
by  changing  the  grid  bias  voltage  of 
the  6N7  by  means  of  potentiometer 
R.  The  output  signal  of  the  multi¬ 
vibrator  at  the  grid  of  the  strobotron 
is  in  the  form  of  a  sharp  negative 
pulse.  This  insures  that  the  time  in¬ 
terval  between  strobotron  fiashes 
will  be  substantially  independent  of 
variations  which  may  occur  in  cir¬ 
cuit  or  tube  constants. 

The  1D21/631P1  is  essentially  a 
double-grid  cold-cathode  gaseous  dis¬ 
charge  tube  capable  of  peak  anode 
currents  as  high  as  300  to  400  am¬ 
peres  under  favorable  duty  cycle 
conditions.  The  components  are  a 
cathode,  an  inner  grid,  an  outer  grid 
and  an  anode.  All  leads  are  brought 
out  to  the  terminals  of  a  standard  4- 
pin  base.  The  cathode,  which  is  com¬ 
posed  of  powered  metal  and  a  com¬ 
pound  of  caesium,  is  shielded  from 
the  discharge  by  a  ceramic  disc. 

The  inner  grid  is  a  wire  probe  and 
the  outer  grid  is  a  graphite  ring  to 
which  a  wire  probe  is  also  attached. 
Graphite  is  used  because  the  break¬ 
down  voltage  between  the  outer  grid 
and  the  anode  will  be  less  affected 
should  some  of  the  caesium  from  the 
cathode  be  deposited  on  the  outer 
grid.  The  use  of  caesium  for  the 
active  cathode  material  is  dictated  by 
the  necessity  for  a  rapid  breakdown 
of  the  cathode  surface  under  bom¬ 
bardment  to  form  a  cathode  spot  fa- 
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WIRE  PROBE  INNER  GRID 
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FIG.  4 — Typical  output  circuits  lor  driring 
the  new  type  R1130B  modulator  glow 
lamps 


FIG.  5 — Construction  oi  type  1D21/631P1 
neon-filled  strobotron 


cilitating  the  formation  of  an  intense 
arc  rather  than  a  glow  discharge. 


Control  Choroctoristics 


In  Fig.  7,  the  control  characteris¬ 
tics  of  the  1D21/631P1  are  given  for 
three  values  of  anode  voltage.  For  a 
given  anode  voltage,  as  long  as  the 
vector  sum  of  the  two  grid  voltages 
falls  within  the  closed  loop,  the  tube 
will  not  fire.  Any  increase  or  de¬ 
crease  in  one  or  both  of  the  grid  volt¬ 
ages  which  causes  their  vector  sum 
to  fall  outside  the  closed  loop  will 
result  in  breakdown  of  the  tube.  It 
has  been  found  that  such  control 
curves  vary  during  the  life  of  the 
tube  and  hence  are  not  included  as 
characteristic  curves.  This  is  due  to 
the  fact  that  during  discharge  a  por¬ 
tion  of  the  cathode  material  may  be 
evaporated  and  deposited  on  either 
or  both  of  the  control  grids,  thus  al¬ 
tering  the  control  characteristics  for 
subsequent  operation.  If  extreme 
stability  of  operation  is  required,  the 
tube  may  be  fired  by  means  of  sub¬ 
sidiary  apparatus  which  provides  a 
steep  pulse  of  sufficient  amplitude 
(about  150  volts  peak),  as  in  the 
circuit  of  Fig.  6. 


Effect  of  Reverse  Current 


The  impedance  and,  in  con.se- 
quence,  the  voltage  drop  through  the 
tube  are  low  and  care  should  be  taken 
in  design  of  operating  circuits  to 
avoid  any  tendency  toward  reverse 
current,  causing  the  anode  to  assume 
the  role  of  cathode  during  a  part  of 
the  discharge  cycle.  This  can  result 
in  anode  sputtering  with  attendiftit 
blackening  of  the  envelope  and  some 
cleanup  of  gas.  The  inductance  of 
long  leads  from  the  discharge  ca¬ 
pacitor  might  be  sufficiently*  high  to 
result  in  voltage  backswing  and  in¬ 
version.  Shortening  the  leads  and 
introducing  sufficient  resistance  to 
provide  critical  damping  of  the  cir¬ 
cuit  will  usually  avoid  complications. 


Cathode  Spot  Formation 


A  peak  cathode  current  of  approxi¬ 
mately  five  amperes  is  necessary  for 
formation  of  the  cathode  spot  and 
the  resulting  brilliant  arc-type  dis¬ 
charge.  Best  results  for  high-current 
operation  are  to  be  expected  when 
the  circuit  constants  are  propor¬ 
tioned  to  give  peak  cathode  currents 
of  from  10  to  200  amperes,  at  an 
average  anode  current  of  50  raa  or 
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Special  types  of  gaseous  discharge  tubes,  used  in  various  applications  for  generating  short-duration  pulses  having  extremely  high  peak 

current 


less.  The  plate  voltage  should  not 
exceed  350  volts  d-c.  Repetition  rates 
up  to  250  pulses  per  second  may  be 
reached  with  some  deterioration  in 
life  at  the  higher  values. 

The  tube  can  also  be  operated 
under  conditions  of  glow  discharge 
without  the  formation  of  the  charac¬ 
teristic  cathode  spot.  Under  these 
conditions  the  tube  can  be  used  as  a 
control  device  when  high  peak  cur¬ 
rents  are  not  required. 

Other  tubes  of  this  type  have  been 


developed  for  special  features  of 
operation,  such  as  high  hold-off  volt¬ 
age  (2  kv),  higher  repetition  rate 
(to  1000  pps),  low  time-jitter,  and 
high  light  output.  These  include 
tubes  for  the  newly  publicized  elec¬ 
tronic  ignition  systems*,  welding  con¬ 
trol*,  ignitron  control,  and  rectifier 
circuits — in  fact,  wherever  a  device 
for  generating  short-duration  pulses 
of  extremely  high  peak  current  is 
required. 

The  1D21/631P1  strobotron  has  a 


light  output  sufficient  only  for  visual 
observations  close  to  the  subject. 
For  photographic  analysis  of  motion 
and  for  single  photographs  of  ex¬ 
tremely  short  exposure,  special  types 
of  discharge  tubes  have  been  devel¬ 
oped  with  high  light  output  and  short 
flash-duration.  The  1B61,  developed 
for  use  as  a  high-intensity  strobo¬ 
scopic  source  of  light,  is  typical  of 
a  series  of  externally-excited  dis¬ 
charge  tubes,  operated  in  a  circuit 
arrangement  as  shown  in  Fig.  8. 

With  proper  choice  of  circuit  com¬ 
ponents,  this  tube  may  be  operated 
for  short  periods  at  flash  rates  up  to 
100  pps.  By  inserting  an  ignition 
transformer  between  the  cathode  of 
the  1D21/631P1  and  ground  in  the 
circuit  of  Fig.  6,  a  convenient  means 
of  triggering  is  provided.  Note  that 
the  1D21  is  here  being  employed  as 
an  electronic  switch  rather  than  as  a 
light  source.  The  capacitor  in  this 
circuit  is  discharged  through  the 
1D21  and  the  primary  of  a  small 
ignition  coil  transformer.  The  sec¬ 
ondary  high-voltage  terminal  is  con¬ 
nected  to  an  external  electrode  which 
may  consist  of  a  single  turn  of  wire 
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wrapped  around  the  1B61.  When  the 
trigger  tube  fires,  the  high-voltage 
field  of  the  secondary  initiates  the 
discharge  and  an  intense  arc  then 
results  in  the  discharge  tube. 

These  tubes  are  characterized  by 
low-impedance  conduction  paths, 
ranging  from  one  to  three  ohms  de¬ 
pending  on  the  circuit,  nature  of  the 
gas  used,  the  pressure  filling,  the 
geometry  of  the  tube,  and  the  cath¬ 
ode  structure.  The  cathode  structure 
is  similar  to  that  of  the  strobotron, 
permitting  rapid  transfer  from  a 
glow  to  an  arc  type  of  discharge. 
The  cathodes  of  these  tubes  are 
formed  from  mixtures  or  alloys  of 
metals,  one  or  several  of  which  have 
a  low  work  function.  Upon  the  initia¬ 
tion  of  the  gas  discharge  a  hot-spot, 
similar  to  that  formed  on  the  mer¬ 
cury  pool  in  ignitrons  and  mercury 
pool  rectifiers,  results,  with  a  corre¬ 
sponding  decrease  in  the  cathode 
drop.  A  larger  proportion  of  the 
capacitor  energy  appears  in  the  arc 
or  positive  column  discharge  and 
higher  efficiency  results.  A  wide  va¬ 
riety  of  types  is  possible  because  the 
kind  and  pressure  of  gas  used  de¬ 
termine  such  factors  as  the  equiva¬ 
lent  color  temperature  and  voltage 
hold-off.  A  tube  designed  for  strobo¬ 
scopic  purposes  has  entirely  different 
characteristics  from  one  designed 


for  high-speed  color  photography  or 
for  the  photography  of  projectiles  in 
flight. 

High-Sp*ed  Photography 

There  seems  to  be  some  miscon¬ 
ception  as  to  the  time-intensity  char¬ 
acteristics  of  high-speed  flash  cir¬ 
cuits  for  photographic  purposes.  The 
figure  l/30,000th  second  has  recurred 
in  the  popular  photographic  press, 
but  there  is  nothing  inherent  in  the 
discharge  itself  which  fixes  the  dura¬ 
tion  at  that  particular  value.  For  a 
given  tube  the  actual  time  of  dis¬ 
charge  varies  almost  in  direct  pro¬ 
portion  to  the  value  of  capacitance 
used.  Oscillographic  measurements 
show,  however,  that  for  ordinary 
equipment  the  flash  duration  is  of 
the  order  of  300  microseconds  or 
l/3,000th  second.  With  a  careful 


FIG.  8 — Circuit  arrangement  used  with  ex¬ 
ternally-excited  discharge  tubes 


choice  of  components  and  circuit 
layout,  a  l/10,000th-second  exposure 
is  readily  obtainable.  With  tubes 
designed  for  the  purpose  and  with 
extremely  careful  attention  paid  to 
details  of  construction  and  design 
exposures  of  one  microsecond  are  ob¬ 
tainable,  and  durations  of  from  three 
to  five  microseconds  are  obtained 
with  standard  production  tubes  de¬ 
signed  for  short-duration  character¬ 
istics. 

Discharge  Circuit  Design 

It  may  be  well  to  consider  here 
the  energy  absorbed  by  a  gaseous 
discharge  tube  under  various  con¬ 
ditions  of  design.  As  an  elementary 
approximation  the  equivalent  circuit 
of  the  discharge  tube  may  be  repre¬ 
sented  as  in  Fig.  9,  where  Ri,  is  the 
dynamic  arc  resistance  in  the  operat¬ 
ing  range  and  Ec  is  the  extinction 
voltage.  The  value  of  Rl  will  in  gen¬ 
eral  vary  during  the  discharge.^ 

As  the  following  development 
shows,  even  a  small  amount  of  ef¬ 
fective  dynamic  arc  resistance  can, 
in  normal  circuits,  greatly  increase 
the  energy  appearing  in  the  tube.  In 
general,  under  the  gaseous  discharge 
conditions  for  maximum  illumina¬ 
tion,  the  more  energy  that  is  ex¬ 
pended  in  the  tube,  the  greater  will 
be  the  luminous  ou^ut. 

If  the  tube  has  no  dynamic  or  ef¬ 
fective  resistance  during  the  dis¬ 
charge,  the  energy  dissipated  in  the 
tube  is  accurately  expressed  as  the 
product  of  the  tube  drop  and  the 
total  charge  which  has  passed 
through  it. 

From  the  fundamental  relations 
between  capacitance,  voltage,  charge, 
and  energy  it  can  readily  be  shown 
that  in  a  nonoscillatory  circuit  the 
percentage  of  energy  appearing  in 
the  tube  with  respect  to  the  energy 
liberated  by  the  capacitor  during  the 
discharge  can  be  expressed  con¬ 
veniently  as 


where  Ei  is  the  initial  and  E,  the 
final  capacitor  voltage.  In  the  case 
of  a  tube  used  for  illumination  pur¬ 
poses  this  expression  can  be  con¬ 
sidered  as  its  electrical  efficiency. 

If  the  experimentally  justified  as¬ 
sumption  is  made  that  the  dynamic 
arc  resistance  of  the  tube  can  be  re¬ 
placed  by  an  effective  linear  resist¬ 
ance  Rl,  then  the  percentage  of 
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FIG.  S — EquiTolent  circuit  of  a  gaseous 
discharge  tube 


ventional  arrangement.  The  choice 
of  charging  resistor  is  ultimately 
determined  by  either  the  deionization 
time  of  the  discharge  tube,  its  mini¬ 
mum  arc-sustaining  current,  or  the 
maximum  drain  that  the  power  sup¬ 
ply  is  capable  of  handling. 

It  is  usually  sufficient,  however, 
to  set  the  time  constant  of  the  charg¬ 
ing  resistor  and  ""discharge  capacitor 
at  one-fourth  of  the  time  interval 
between  discharges  (switching  pe¬ 
riod)  for  the  maximum  repetition 
rate.  Under  that  condition  the  capac¬ 
itor  will  recharge  to  within  two  per¬ 
cent  of  the  supply  voltage  if  the 
supply  is  sufficiently  well  regulated, 
and  the  maximum  theoretical  charg¬ 
ing  efficiency  of  50  percent  will  be 
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energy  appearing  in  the  tube  is 
found  to  be 
EFF  = 

where  Rl  is  the  effective  arc  resist¬ 
ance  and  Rc  is  the  external  resist¬ 
ance. 

A  substitution  of  the  nominal  val¬ 
ues  of  20  volts  for  Ei,  300  volts  for 
Eu  and  0  ohms  for  Rl  yields  an  effi¬ 
ciency  of  12.5  percent.  If,  however, 
a  nominal  value  of  0.1  ohm  is  substi¬ 
tuted  for  arc  resistance,  with  a 
typical  circuit  resistance  of  0.01  ohm 
the  electrical  efficiency  becomes  92.1 
percent. 

Unlike  a  power  transfer  problem 
where  the  impedance  of  the  load  is 
preferably  matched  to  the  generator, 
the  case  of  efficient  energy  transfer 
calls  for  a  definite  mismatch.  With 
favorable  circuit  conditions  and  tube 
design,  an  arc  resistance  of  several 
ohms  may  result  in  high  efficiency 
from  a  lamp  standpoint.  A  tube  for 
electronic  switching  purposes  would 
of  course  be  designed  for  minimum 
internal  impedance. 

So  far  nothing  has  been  said  about 
the  method  of  charging  the  discharge 
capacitor,  but  Fig.  8  includes  a  con- 
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FIG.  10 — Chart  for  determining  power  ratings  of  charging  circuit  components  used  in 
connection  with  a  gaseous  discharge  tube 


supply  will  have  to  furnish  27  milli-  ; 

amperes  current. 

In  applications  where  power  or 
energy  are  at  a  premium,  it  is  prac¬ 
tical  to  substitute  a  choke  in  series  1 

with  a  diode  in  lieu  of  the  charging 
resistor.  In  that  case,  the  capacitor 
voltage  reaches  a  value  approxi¬ 
mately  twice  that  of  the  supply  volt¬ 
age  on  the  second  discharge  and  re¬ 
mains  at  that  voltage  provided  there 
is  no  leakage  present.  ■ 

If  discharges  are  to  take  place  at  I 

a  fixed  or  slowly  varying  repetition  ! 

rate  it  is  possible  to  eliminate  the 
diode  and  adjust  the  LC  combination  | 

for  a  resonant  frequency  one  half 
that  of  the  lowest  repetition  rate 
desired. 

For  any  of  the  above  circuits, 
power  supply  regulation  will  affect 
the  behavior  of  charging  character¬ 
istics  but  is  seldom  a  serious  problem. 

In  place  of  a  simple  discharge 
capacitor  a  wide  variety  of  RLC 
combinations  can  be  used  to  develop 
pulses  of  an  equally  wide  variety  of 
shapes.  The  field  of  application  of 
cold-cathode  gas  discharge  tubes  is 
expected  to  expand  due  to  the  sim¬ 
plicity  and  flexibility  of  the  associ¬ 
ated  circuits. 
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closely  approximated  by  the  circuit. 

The  power  ratings  of  the  charging 
circuit  components  are  calculated 
without  much  difficulty,  but  because 
such  calculations  are  made  repeat¬ 
edly  and  involve  the  evaluation  of 
exponentials,  a  reduction  to  the 
graphical  form  of  Fig.  10  is  more 
convenient.  To  use  this  graph,  we 
first  incorporate  the  circuit  data  in 
the  formula  n  =  1/PRC,  where  P  is 
repetition  rate  in  pps,  R  is  charging 
resistance  in  ohms,  and  C  is  dis¬ 
charge  capacitance  in  farads.  The 
circuit  data  figure  n  is  the  abscissa 
of  the  plot.  We  then  pick  off  the  cor¬ 
responding  values  of  the  auxiliary 
calculation  functions  a,  yg,  and  y 
from  the  graph.  The  total  power 
drain  on  the  power  supply  is  then 
simply  %E-/R,  where  E  is  the  supply 
voltage  and  R  the  charging  resist¬ 
ance  in  ohms  as  before.  The  power 
dissipated  in  the  resistor  is  ^EP/R, 
and  that  supplied  to  the  capacitor 
and  then  dissipated  in  the  discharge 
circuit  is  yEP/R. 

Thus,  to  show  an  example,  if  we 
have  a  350-volt  power  supply,  a  2-ixt 
capacitor,  a  5,000-ohm  charging  re¬ 
sistor,  and  a  40-pps  repetition  rate, 
the  circuit  data  figure  is  w  =  1/PRC 
=  l/40x5xl0»x2xl0-*  z=  2.5.  From 
the  graph  we  find  a  =  0.38,  ^  =  0.20, 
and  y  =  0.18.  The  total  power  taken 
from  the  supply  is  9.3  watts,  the 
power  lost  in  the  charging  resistor 
is  4.9  watts,  and  that  utilized  in  the 
discharge  circuit  is  4.4  watts.  The 
last  two  values  add  to  give  that  of 
the  total  power,  as  they  should.  The 
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Wartime  tank-tread  manufacturing  equipment  is  converted  to  peacetime  job  preheating 
wringer  rolls  and  automotive  products,  saving  as  much  as  60  percent  curing  time 


FIG*  1 — B^loyi  and  controls  of  the  rubber  preheater  are  accessible  from  the  front  by 
dropping  the  hinged  panels  as  shown 


High-frequency  heating  of  plas¬ 
tic  and  rubber  compounds  re¬ 
ceived  great  impetus  during  the  war 
under  the  unprecedented  demands 
for  production.  For  example,  a  typi¬ 
cal  problem  involved  the  use  of  spe¬ 
cialized  high-frequency  heating 
equipment  to  make  more  effective 
use  of  molding  presses  used  in  pro¬ 
ducing  treads  for  the  medium  and 
heavy  tanks  of  the  U.  S.  Army.  This 
problem  was  solved  satisfactorily  by 
making  a  complete  generator  for 
producing  the  heat  and  a  conveyor 
system  for  bringing  the  work  to  the 
heating  unit. 

Upon  cessation  of  hostilities  it  be¬ 
came  equally  important  to  convert 
existing  equipment  to  civilian  manu¬ 
facture  and  to  supply  new  machines 
for  preheating  the  large  quantities 


of  molded  plastic  and  rubber  mate¬ 
rials  required  for  peacetime  con¬ 
sumption. 

Dielectric  heating  equipment  for 
either  war  or  peace  was  required  to 
meet  the  following  specifications: 

(1)  The  equipment  had  to  be  fully 
automatic  for  operation  by  unskilled 
labor,  with  a  minimum  training  per¬ 
iod. 

(2)  The  generator  was  to  have  a 
20-kw  high-frequency  (27  me)  out¬ 
put,  which  would  process  34  pounds 
of  material  during  a  li-minute  heat¬ 
ing  cycle. 

(3)  The  generator  had  to  adjust 
itself  automatically  to  compensate 
for  various  changes  in  the  load,  re¬ 
gardless  of  whether  they  were  due 
to  changes  in  physical  properties  as 
a  function  of  temperature,  or  to 


changes  in  the  dimensions  of  the 
load.  It  was  necessary  that  constant 
power  be  supplied  to  the  work  under 
all  conditions. 

(4)  The  generator  had  to  be  com¬ 
pletely  self-contained  together  with 
a  suitable  conveyor  which  would 
bring  the  material  to  the  heater  elec¬ 
trodes  and,  after  heating,  deliver  the 
work  to  the  molding  presses.  The  op¬ 
eration  of  the  conveyor  system  had 
to  be  synchronized  with  the  heating 
cycle  of  the  generator. 

(5)  The  entire  unit  was  required 
to  be  absolutely  fool-proof  and  the 
operator  fully  protected  against  elec¬ 
trical  hazards. 

(6)  All  parts  had  to  be  readily  ac¬ 
cessible,  as  shown  in  Fig.  1,  so  that 
in  case  of  trouble  the  unit  could  be 
quickly  and  easily  serviced. 

(7)  As  would  be  expected,  the  pro¬ 
duction  requirement  called  for  a  con¬ 
tinuous  operation  of  three  eight- 
hour  shifts  daily,  six  days  per  week, 
or  a  total  work  week  of  144  hours. 

Dasign 

A  20-kw  high-frequency  heating 
unit  was  selected  for  the  project  and, 
with  a  few  changes,  adapted  to  work 
with  the  conveyor.  Figure  2  shows  a 
view  of  the  installation,  with  the 
generator  unit  in  the  back  center, 
the  work  table  with  the  electrodes 
and  controls  in  the  front  center,  and 
the  conveyor  system  running  through 
the  work  table. 

The  tank-track  preforms  were 
placed  on  the  conveyor  and,  sup¬ 
ported  by  guides  of  non-metallic  ma¬ 
terial,  were  conveyed  to  the  genera¬ 
tor  electrodes.  When  the  work  came 
to  the  correct  position  under  the 
electrodes  for  preheating,  a  sensitive 
switch  stopped  the  conveyor.  Power 
was  then  applied  automatically  and 
within  li  minutes  the  34  pounds  of 
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rubber  was  preheated  throughout  to 
nearly  curing  temperature.  After 
being  heated  the  material  continued 
on  to  the  press  operator  where  metal 
inserts  were  placed  in  the  hot  pre- 
I  forms.  Finally,  the  assembly  was 
I  cured  in  the  steam  platen  presses, 

I  the  total  time  being  a  fraction  of 
that  normally  required  to  process  the 
pieces  without  the  aid  of  high-fre¬ 
quency  dielectric  preheating. 

Electronic  preheating  combined 
with  the  automatic  conveying  system 
not  only  increased  the  production  of 
tank  treads  but,  as  was  expected 
from  the  preliminary  tests  on  sam- 


Various  saiety  precautions  and  automatic  operation,  except  for  starting  and  stopping, 
made  it  possible  to  use  unskilled  labor 

pies,  gave  a  product  of  considerably  case  the  principle  was  used  to  pro¬ 


better  wearing  quality. 

Rematching 

A  contributing  factor  to  the  good 
performance  was  a  rematching  fea¬ 
ture  described  previously.*  In  this 


vide  a  constant  20-kw  power  output. 
In  view  of  the  detailed  description 
contained  in  the  reference,  it  will  be 
sufficient  merely  to  recall  in  brief 
the  essentials  of  the  method. 

In  practically  all  applications  of 
dielectric  heating  one  is  confronted 


with  the  fact  that  the  dielectric  prop¬ 
erties  of  treated  material,  namely, 
power  factor  and  dielectric  constant, 
are  a  definite  function  of  tempera¬ 
ture.  During  the  heating  cycle,  when 
the  material  is  raised  from  room 
temperature  to  possibly  270F  or 
higher,  the  power  factor  and  dielec¬ 
tric  constant  increase..  These  changes 
in  the  electrical  properties  of  the 
material  cause  the  impedance  of  the 
generator  load  to  decrease  from  a 
relatively  high  to  a  much  lower 
value. 

Therefore,  unless  the  generator  is 
designed  with  a  considerably  higher 
output  capacity  than  is  required  at 
the  beginning  of  the  heating  cycle, 
toward  the  end  of  the  heating  period 
the  oscillator  tubes  will  either  be 
overloaded  or,  worse  still,  the  gener¬ 
ator  will  cease  to  oscillate.  The  ac¬ 
tual  load  impedance  reflected  on  the 
generator  will  depend  entirely  upon 
the  degree  of  coupling  between  the 
load  and  the  generator. 

Now,  if  by  some  means  the 

FIG.  2 — Adaptation  of  the  equipment 
used  here  for  preheating  tank  treads,  to 
different  types  of  work  is  possible  by 
modifying  the  heating  electrodes.  The 
w.ork  and  indicating  meters  ore  Tisible  to 
the  operator  through  a  protecting  screen 
not  shown  here 
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coupling  between  the  load  and  gener¬ 
ator  can  be  varied  automatically  so 
that  changes  in  the  value  of  load  im¬ 
pedance  will  be  compensated  by  cor¬ 
responding  changes  in  the  coupling 
between  the  load  and  generator,  then 
a,,  constant  value  of  reflected  load 
impedance  will  be  obtained  and  con¬ 
stant  power  will  be  delivered  to  the 
load  throughout  the  heating  cycle. 

In  the  equipment  under  discussion, 
the  automatic  control  of  coupling  be¬ 
tween  the  load  and  generator  is  ac¬ 
complished  by  an  electronically  op¬ 
erated  motor  mechanism  which  auto¬ 
matically  adjusts  the  spacing  be¬ 
tween  the  material  to  be  heated  and 
the  heater  electrodes.  The  rematch¬ 
ing  system  makes  possible  an  imme¬ 
diate  change  in  production  from  one 
type  of  preform  to  another,  within 
reasonable  limits  of  volume  and 
shape.  If  the  mass  changes  and  the 
same  final  temperature  is  desired, 
then  it  becomes  only  necessary  to 
change  the  heating  cycle. 

Details 

The  heater  electrodes  are  raised 
or  lowered  by  a  motor  and  gear  re¬ 
duction  drive.  A  grounded  copper 
plate  forms  the  common  electrode 
for  the  movable  heater  plates. 

The  oscillator  circuit  is  shown  in 
Figure  3.  The  high  voltage  B  is 


grounded  to  afford  maximum  safety 
to  the  operator.  Another  feature  is 
an  output  power  meter  by  which  the 
power  absorption  of  the  load  can  be 
calculated. 

A  separate  bias  supply  provides 
the  grids  with  the  proper  voltage  for 
maximum  operating  efficiency  with¬ 
out  loss  in  plate  potential.  In  appli¬ 
cations  where  the  dielectric  qualities 
are  especially  poor  due  to  the  pres¬ 
ence  of  conducting  particles  such 
as  the  carbon  black  used  to  increase 
wear  resistance  in  tank  treads,  a 
very  high  powder  loss  occurs  in  the 
oscillator  power  output  circuit. 

A  novel  method  was  developed  to 
maintain  low  tank  temperature  by 
forcing  air  through  the  tubing  used 
in  the  tank  coil  and  load  leads. 

Figure  4  shows  the  conveyor  car¬ 
rier  plates  as  originally  set  up  for 
tank  tread  production.  Twelve  tank 
treads  were  handled  simultaneously. 
The  arrangement  permitted  the  pre- 
loading  of  the  carrier  plates  so  that 
the  individual  preforms  could  be 
spaced  equally  and  would  not  fall  off 
the  conveyor  if  the  chain  was  sud¬ 
denly  stopped. 

Modifications  of  the  r-f  generator 
and  conveyor  permit  preheating  of 
wringer  rolls  as  well  as  automotive 
parts.  The  wringer  rolls  with  their 
metallic  shafts  are  placed  in  a  hori¬ 


FIG.  4 — Tank  treads,  heated  tweWe  at  a 
time,  required  special  racks  to  hold  them 
in  place  when  the  conreyor  belt  was 
stopped  or  started  suddenly 

zontal  position  on  the  conveyor,  in 
the  same  manner  as  the  tank  track 
preforms  were  handled.  The  wringer 
rolls  are  preheated  and  then  press- 
cured  w’ith  an  approximate  60  per¬ 
cent  saving  in  press  curing  time. 

Operation 

To  start  the  machine,  the  operator 
pushes  left-  and  right-hand  start 
buttons  on  the  control  panel.  As  a 
safety  measure  both  buttons  must  be 
pressed  simultaneously  and  held  un¬ 
til  both  side  gates  are  locked  in  the 
final  down  position.  The  gates  will 
go  up  if  either  of  the  push  buttons 
is  released  while  the  gates  are  in 
motion. 

Once  the  gates  reach  their  final 
down  position  they  become  self-hold¬ 
ing  and  an  interlocking  relay  ar¬ 
rangement  connects  the  high  volt¬ 
age  power  supply  and  starts  the 
timer  circuit.  The  timer  circuit  is 
preset  for  a  heating  cycle  of  any 
desired  length  of  time.  After  the 
timer  reaches  the  end  of  the  pre¬ 
heating  cycle,  the  holding  relays  of 
the  automatic  high-voltage  contac¬ 
tors  and  the  solenoids  on  the  air  cyl¬ 
inders  are  released,  raising  the  gates. 
When  the  gates  reach  the  top  posi¬ 
tion,  the  conveyor  begins  to  move, 
bringing  a  new  load  into  the  heating 
position,  and  carrying  the  heated 
preforms  to  the  vulcanizers. 

The  entire  cycle  may  be  repeated 
every  li  minutes,  supplying  approx¬ 
imately  1200  pounds  of  heated  pre¬ 
forms  per  hour  to  the  presses,  24 
hours  daily. 

References 

(1>  Mittelmann,  Eugene,  Load  Reniatch- 
Ing  In  F'lectronic  Heating,  p  lid.  Ki.EC' 
TRONirs.  Feb.  1945. 


FIG.  3 — Schamatic  diagrom  of  the  r-i  hooting  unit  showing  oscillator,  oloctrodo  arrango- 
mont,  mothod  of  coupling  tho  load  to  tho  tank  coil  ond  tho  thonnal  arrongomont  for 
moasuring  load  powor.  Tho  galTonomotor  Is  tho  control  instnunont  shown  in  Fig.  2 
and  is  calibratod  to  road  watts  diroctly 
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Facsimile 

Synchronizing  Methods 

Techniques  involving  a  quartz  crystal,  tuning-fork  oscillators,  and  vibrators  for  automatic 
synchronizing  of  a  facsimile  receiver  to  a  transmitter  are  described.  Simple  methods  such  as 
the  use  of  a  common  power  line  and  manual  correction  by  a  trained  operator  are  also  covered 


ONE  OF  THE  PROBLEMS  encoun¬ 
tered  in  the  design  of  equip¬ 
ment  for  facsimile  reception  is  that 
the  building  up  of  the  elemental  areas 
must  be  accomplished  in  a  uniform 
geometric  relation.  The  skew,  or  de¬ 
viation  from  a  straight  line,  must 
come  within  very  close  tolerances  to 
avoid  distortions  in  transmissions. 

As  a  typical  example  of  the  high 
degree  of  speed  control  required,  as¬ 
sume  a  system  in  which  a  tuning  fork 
is  used  as  a  frequency  control  and 
feeds  an  amplifier  which  drives  a  syn¬ 
chronous  motor.  The  drum  is  coup¬ 
led  to  the  motor  through  gears  and 
mechanical  clutches.  To  achieve  com¬ 
pactness  an  1800-cycle  fork  is  often 
used.  The  speed  of  the  drum  is  estab¬ 
lished  at  90  revolutions  per  minute. 

A  synchronous  motor  using  120 
poles  will  revolve  at  1800  rpm  ac¬ 
cording  to  the  formula: 

rpm  =  120//P 

where  rpm  =  revolutions  per  minute 
/  =  applied  frequency 
P  =  number  of  poles 
Using  a  20-to-l  gear  ratio,  the  re¬ 
quired  drum  speed  is  obtained.  A 
typical  drum  traverses  the  lead  screw 
at  approximately  100  revolutions  to 
the  inch.  The  circumference  of  the 
drum  is  9.4  inches.  A  picture  eight 
inches  long  will  require  800  revolu¬ 
tions  and  will  traverse  the  drum  in 
800  divided  by  1.5  or  533  seconds. 

Analyzing  the  skew  for  1801  cycles 
applied  to  the  synchronous  motor: 


By  DANIEL  SCHULMAN’i^ 


120  X  1801 

rpm  = - - -  1801 

drum  speed  =  =  90.05  rpm 

drum  speed  revolutions  per  second 
=  =  1.5008 


The  distance  scanned  per  second 
will  equal  1.5008  X  9.4  inches  or 
14.10752  inches.  The  distance  scan¬ 
ned  with  an  applied  frequency  of 
1800  cycles  is  computed  at  14.1  inches 
and  this  figure  multiplied  by  533, 
the  time  in  seconds  for  a  complete 
transmission,  will  give  a  total  skew 
of  4.008  inches.  Interpreting  in  de¬ 
grees,  tan  4.008  8  =  30  degrees. 

It  has  been  proposed  that  for 
photographic  recordings  a  maximum 
skew  of  0.08  degree  be  tolerable. 
Such  a  condition  could  be.  obtained 
with  a  frequency  of  1800.0056,  which 
will  give  a  total  deviation  of  0.023 
inches.  The  frequency  of  the  fork 


must  be  maintained  to  1  part  in  323,- 
000.  For  direct  I'ecording  systems 
the  tolerance  may  be  lowered  and  a 
frequency  stability  of  1  part  in 
10,000  would  be  acceptable. 

Synclironous  Systems 

In  early  models  there  existed  a 
system  in  which  manual  control  of 
the  speed  of  a  d-c  motor  was  accom¬ 
plished  by  a  rheostat.  Variations 
were  observed  stroboscopically  with 
a  60-cycle  tuning  fork.  The  shaft  of 
the  motor  mechanically  interrupted 
a  light  source  which  could  be  ob¬ 
served  through  a  vibrating  tuning 
fork  that  was  carefully  calibrated  to 
the  desired  frequency.  Observation 
throughout  the  entire  transmission 
was  necessary  since  supply  voltage 
variations  and  also  a  dynamically 
unbalanced  drum  traversing  the  lead 
screw  would  affect  the  speed. 

Phasing  the  transmission  was  also 
accomplished  by  a  trained  operator. 
At  a  certain  point  on  the  drum  at  the 
start  of  the  transmission  an  audio 


*Ponn<>rl  ^ — Tuning-fork  oscillator  and  class  C  amplifier  supply  high  Toltage  to  a  syn- 
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FIG.  2 — (Above)  Circuit  oi  a  tuning- 
fork  oscillator  using  a  multivibrator 


CAM 

SWITCH 


_ VIBRATOR 

- ICONTACTS 


FIG.  3 — (Right)  In  this  circuit,  a  balance  is 
sought  between  the  action  oi  the  motor- 
driven  cam  switch  and  that  of  the  vibrator 


tone  or  pulse  would  be  sent.  A  loud¬ 
speaker  at  the  receiving  end  would 
respond  and  the  operator  would  man¬ 
ually  slow  the  drum  until  the  pulse 
would  coincide  with  the  correct  phas¬ 
ing  position.  In  this  manner  a  fairly 
reliable  source  of  synchronism  and 
phasing  could  be  obtained. 

Another  scheme  that  was  used 
principally  on  home  recordings  em¬ 
ployed  a  60-cycle  synchronous  motor. 
Good  results  are  obtained  if  both  the 
transmitter  and  receiver  are  con¬ 
nected  to  the  same  power  source.  For 
long-distance  transmission  the  sys¬ 
tem  becomes  impractical.  For  tele¬ 
graphic  transmission  with  direct-re¬ 
cording  devices  this  arrangement  is 
practical  within  the  confines  of  one 
city. 

Present  Synchronous  Systems 

The  mechanisms  in  common  use 
today  have  been  developed  to  a  high 
degree  of  speed  control  and  auto¬ 
matic  phasing.  The  general  schemes 
adopted  depend  on  the  establishment 
of  a  stable  frequency  source  and  the 
application  of  this  power  to  a  motor 
to  regulate  or  determine  the  speed. 

In  lieu  of  the  visual  tuning  fork 
and  stroboscopic  method  outlined 
previously,  an  automatic  arrange¬ 
ment  has  been  devised  that  uses  a 
magnetic  brake  in  conjunction  with 
a  d-c  motor  to  control  the  speed. 
This  motor  is  designed  for  a  higher 
speed  than  is  required.  Application 


MOTOR  A 
)OOVERNOR 


BATTERY  B 


of  a  control  frequency  through  an 
amplifier  provides  a  braking  action 
when  the  armature  attains  the  de¬ 
sired  speed.  Due  to  the  inherent  wow 
of  this  type  of  motor,  it  is  necessary 
to  employ  a  flywheel  to  counteract 
hunting  and  reduce  effects  of  gear 
ripples  and  voltage  fluctuations. 

Tuning  Fork  and  Motor 

Figure  1  illustrates  a  modern -sys¬ 
tem  in  common  use.  A  stable  tuning- 
fork  oscillator  supplies  a  30-volt  in¬ 
put  to  a  power  amplifier  tube,  which 
is  transformer-coupled  to  a  pair  of 
parallel  power  amplifier  tubes.  These 
are  operated  in  class  C  to  produce 
maximum  efficiency.  The  resonance 
characteristics  of  L,  and  the  shunt 
O.Ol-jnf  capacitor  serve  to  produce  a 
high  voltage  for  the  synchronous 
motor  windings.  Reactor  Li  should 
have  a  value  of  0.9  henry.  This  is  the 
incremental  inductance  with  80  ma 
of  d-c  plate  current  through  its 
windings. 

The  plate  circuit  has  a  low-Q  reso¬ 
nant  characteristic  and  considerable 
harmonics  are  generated.  The  volt¬ 
age  rises  to  the  extent  that  corona  ef¬ 
fects  are  noticeable  and  insulation 
must.be  considered,  in  wiring  the 
plate  circuit.  Approximately  1000 
volts  exists  across  the  four  series-coil 
windings  of  the  synchronous  motor. 

This  type  of  motor  will  not  start 
by  itself  and  requires  an  additional 
motive  source  to  bring  it  up  to  speed. 


The  characteristics  are  such  that  it 
will  lock  into  synchronism  from  a 
higher  speed  but  will  stall  completely 
at  lower  speeds. 

Phasing  of  the  drum  is  accom¬ 
plished  at  the  start  of  transmissions 
by  use  of  a  pushbutton.  Both  trans¬ 
mitter  and  receiver  drums  are  rotat¬ 
ing  synchronously  and,  at  the  start 
of  transmission,  a  white  dot  causes  a 
pulse  or  audio  tone  to  be  transmitted. 
The  receiver  drum  is  coupled  to  the 
motor  by  a  clutch  that  is  designed  to 
slip  easily  and  grab  hard.  Pressing 
the  button  engages  a  solenoid  that 
causes  the  drum  to  slip  in  relation  to 
the  motor.  At  the  same  time,  a  pulse 
demodulator  amplifier  is  connected 
to  the  output  of  the  main  line  ampli¬ 
fier.  The  solenoid  releases  upon  re¬ 
ception  of  the  transmitted  pulse. 

Tuning  Fork  and  Multivibrator 

A  tuning-fork  oscillator  is  illus¬ 
trated  in  Fig.  2.  The  circuit  is  that 
of  a  conventional  multivibrator  with 
a  feedback  network  including  the  ele 
ments  of  the  tuning-fork  coils  and 
capacitances.  The  frequency  of  the 
oscillator  is  determined  by  the  vi 
brating  tuning  fork. 

The  multivibrator  oscillates  at  the 
injected  frequency  and  minute  varia 
tions  of  a  fraction  of  a  cycle  are  pos 
sible  with  the  adjustment  of  R,.  A 
“hard”  drive  will  cause  the  fork  to 
vibrate  at  a  greater  amplitude,  thus 
slowing  its  speed.  Stability  for  the 
amplitude  of  the  drive  is  maintained 
by  a  regulated  B  supply.  Either  a 
VR105-30  tube  or  an  electronic  regu 
lator  may  be  used. 

The  fork  is  constructed  of  bi 
metallic  materials  to  stabilize  against 
temperature  variations.  Frequency 
stability  of  one  part  in  five  million  is 
common.  This  system  serves  as  an 
excellent  arrangement  for  the  fre 
quency  control  in  electric  drive  sys 
terns. 

Submultlplu-Frequency  Gtnerator 

As  a  variation  of  Fig.  2,  a  crystal 
is  being  used  commercially  in  place 
of  a  tuning  fork  with  excellent  re 
suits.  One  scheme  is  to  use  a  300-kc 
crystal-controlled  oscillator,  feeding 
it  into  a  multivibrator  to  generate 
submultiple  frequencies.  A  60-cycle 
wave  is  generated  in  two  multivi¬ 
brator  circuits.  The  first  division 
occurs  at  30  kc.  The  300-kc  crystal 
was  chosen  because  of  its  ability  to 
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phase  easily  with  a  variable  capaci¬ 
tance  in  the  circuit. 

In  developing  these  frequency  con¬ 
trols,  an  accurate  check  may  be  ob¬ 
tained  by  a  scheme  in  which  the 
crystal  or  tuning  fork  locks  a  multi¬ 
vibrator  circuit  in  at  60  cycles,  which 
is  then  amplified  to  drive  a  synchro¬ 
nous  clock. 

Signal  Synchroniiation 

For  economy,  it  is  desirable  to 
eliminate  a  self-contained  frequency 
control.  Various  methods  have  been 
tried,  such  as  signal  synchronism 
and  mechanical  start-stop  systems. 

Signal  synchronizing  systems 
transmit  an  audio-frequency  tone 
that  drives  the  motor  at  both  the 
transmitter  and  the  receiver.  It  then 
becomes  necessary  to  confine  the  pic¬ 
ture  modulation  signal  to  levels 
higher  than  the  synchronizing  sig¬ 
nals.  In  black  and  white  transmis¬ 
sions,  a  modified  scheme  works  out 
well.  A  multivibrator  circuit  is  nor¬ 
mally  employed.  During  zero  modu¬ 
lation  levels,  the  synchronizing  signal 
locks  the  multivibrator  in  at  the 
correct  frequency.  Television  cir¬ 
cuits  employ  similar  arrangements 
for  locking  the  horizontal  and  verti¬ 
cal  sweeps. 

Mechanical  start-stop  systems  are 
employed  in  direct  recording  devices. 
A  synchronous  motor  is  employed  so 
that  error  in  scanning  a  complete 
line  is  tolerable.  The  motor  is  con¬ 
nected  to  a  cam  through  a  clutch. 
The  cam  is  arranged  to  drive  a  stylus 
across  a  recording  blank  in  a  recip¬ 
rocating  motion.  Terminating  each 
line,  the  clutch  disengages  and  the 
stylus  resumes  its  motion  on  a  pulse 
from  the  transmitter.  A  high  degree 
of  mechanical  precision  is  required 
so  that  the  sweeps  will  align  cor¬ 
rectly. 

Vibrator-CoNfrollad  Motor 

l^igure  3  illustrates  a  system  in 
which  the  action  of  cam  contacts  on 
the  shaft  of  a  motor  is  balanced 
against  the  frequency  of  a  vibrator. 

Current  from  battery  B  goes 
through  the  series  motor,  through  Ri 
and  to  ground.  At  the  correct  speed 
of  3600  rpm,  /2,  allows  the  minimum 
amount  of  current  to  flow  through 
the  motor  when  the  cam  switch  and 
the  vibrator  contacts  are  open  to 
ground.  The  governor  opens  at  3500 
n^m.  Cam  C  is  mechanically  con¬ 


nected  to  the  shaft  and  makes  and 
breaks  the  spdt  switch  60  times  a 
second.  The  vibrator  is  stabilized  at 
60  cycles  a  second  and  its  contacts 
are  arranged  as  a  spdt  switch. 

There  are  four  possible  positions 
of  the  cam  switch  and  vibrator  con¬ 
tacts.  At  normal  speed,  the  cam  con¬ 
tacts  lead  the  vibrator  contacts.  The 
time  element  in  which  Ri  is  shorted 
depends  on  the  amount  of  lead  of  the 
cam  contacts.  Such  an  arrangement 
hunts  a  balance  between  cam  and  vi¬ 
brator. 

If  greater  voltage  is  applied  to  the 
motor,  the  cam  switch  contacts  lead 
the  vibrator  contacts  by  a  greater 
amount.  Resistor  /?,  is  then  in  the 
circuit  a  longer  time  and  the  speed  is 
reduced.  The  opposite  conditions 
prevail  when  the  voltage  is  lower 
than  normal. 

The  inherent  wow  of  the  motor  is 
smoothed  by  the  effects  of  a  heavy 
flywheel.  With  this  arrangement,  no 
apparent  variations  of  speed  are 
noticeable. 

Vibrator  Speed  Control 

Since  the  speed  of  the  motor  is 
dependent  upon  the  speed  of  the 
vibrator,  means  must  be  taken  to 
stabilize  the  frequency  of  the  vi¬ 
brator.  A  safe  tolerance  factor  would 
be  to  have  the  frequency  of  the 
vibrator  vary  from  59.5  to  60.5  cps 


on  a  battery  voltage  variation  from 
9  to  13. 

Figure  4  illustrates  a  system  in 
use.  A  constant  current  is  main¬ 
tained  in  the  vibrator  coil  by  means 
of  a  type  of  ballast  tube  designed  for 
the  purpose.  Current  variations  in 
the  vibrator  coil  cause  frequency 
variations  in  the  vibrator.  Variation 
of  frequency  is  accomplished  by  R». 
Resistor  R.^  should  be  a  temperature- 
compensated  resistor  to  react  in¬ 
versely  to  the  tendency  of  the  vi¬ 
brator  to  accelerate  as  it  heats. 

Figure  5  shows  a  variation  of 
Fig.  4  in  which  a  VR  105-30  is  em¬ 
ployed  for  regulating  current  in  the 
vibrator  coil.  Since  one  power  supply 
is  used  for  the  main  signal  amplifier, 
modulation  troubles  may  occur  due 
to  radiation  characteristics  of  the 
vibrator. 

Tape  equipment  is  employed  solely 
for  black  and  white  message  com¬ 
munication.  Recordings  are  made 
on  narrow  tape  by  means  of  a  spiral 
helix  rotating  at  about  60  rpm. 
Drive  rollers  move  the  tape  across  a 
printer  knife  edge  that  is  properly 
oriented  to  the  helix.  Signal  modula¬ 
tion  actuates  the  knife  e'dge  and  scan¬ 
ning  of  60  to  100  lines  per  inch  is 
accomplished.  Since  these  lines  are 
short  and  the  rate  of  motion  so  high, 
larger  tolerances  of  speed  control  are 
acceptable. 


FIG.  4 — Use  of  a  special  ballast  permits  regulation  of  the  Tibrator  frequency 


FIG.  5 — Current  through  the  Tibrator  is  controlled  by  the  Toltage-regulator  tube 
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The  well  known  art  of  electro¬ 
deposition  of  metals  is  a  manu¬ 
facturing  technique  with  which  all 
microwave  engineers  and  designers 
should  become  familiar.  Good  design 
practice  requires  that  surfaces  of 
microwave  instruments  and  trans¬ 
mission  line  components  carrying  r-f 
currents  be  smooth  and  held  to  close 


tolerances.  To  prevent  reflections  and 
excessive  absorption  of  energy  in  the 
skin-depth  layer,  a  polished  surface 
of  gold,  silver  or  copper  free  from 
minute  variations  is  desirable.  Mi¬ 
crowave  components  have  their  con¬ 
ducting  surfaces  on  the  inside  of  the 
apparatus,  thereby  tremendously  in¬ 
creasing  the  problem  of  accurate  ma- 


Woremcter  using  worsguide  ie«d  in  which 
the  precision  resonator  is  electroionned 


chining.  By  using  electroforming 
techniques,  however,  the  precision 
machining  is  done  on  the  outside  of  a 
mandrel  whose  finish  determines  the 
surface  condition  inside  the  com¬ 
pleted  piece. 

Such  techniques  have  simplified  the 
problem  of  holding  precision  toler¬ 
ances  on  such  components  as  tele¬ 
scopic  tubing,  round  and  rectangular 
waveguide,  tee  sections,  tapered  and 
twisted  sections,  resonators,  and 
pieces  of  irregular  shape.  Electro- 
formed  metals  possess  metallurgical 
characteristics  similar  to  metals 
formed  by  rolling,  drawing,  forging, 
or  casting  with  the  exception  that 
the  crystal  growth  is  radial  instead 
of  longitudinal.  The  process  of  elec¬ 
trodeposition  of  metal  on  the  mandrel 
builds  up  a  heav>*  coating  of  the  ma¬ 
terial  which  is  essentially  free  from 
stress.  Such  a  condition  helps  to 
maintain  the  dimensional  accuracy 
of  the  piece  over  long  periods  of  time, 
as  well  as  to  allow  machining  with¬ 
out  producing  distortion. 

The  designer  has  a  large  selection 
of  materials  to  choose  from  since 
nearly  all  metals  are  readily  avail¬ 
able  in  commercial  electroplating  es- 
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Separaling-iiiadium  mondiwl  mude  of  cold  drawn  steoL  stress-reliovod  before  machining,  and  finish  ground  to  close  tolerances  to  product 
round  tubing  with  a  tapered  section  in  the  middle,  the  straight  portions  being  parallel  to  within  o  froction  of  o  thousondth  of  on  inch.  End 

caps,  supporting  bolt  ond  finished  tubing  also  shown 


Electroforming 


Tapared  rectcmgulor  waTequid*  section  and  its  mandrel,  on  example  of  the  precision  tubing  made  possible  by  electro- 

forming  methods 

Miciowave  Components 

Fabrication  of  high-precision  waveguides  and  other  parts  for  microwave  apparatus  simpli¬ 
fied  hv  electroforming  techniques,  processes  noted  for  precision  if  not  for  economy 

tablishments.  It  is  possible  to  plate 
layers  of  different  materials  to  pro¬ 
duce  special  characteristics  in  the 
finished  product,  such  as  copper  on 
the  inside  for  good  conductivity  and 
chromium  on  the  outside  for  dura¬ 
bility.  Another  important  use  of  elec¬ 
troforming  is  to  make  separate  lay¬ 
ers  of  concentric  tubing  which  slide 
smoothly  over  one  another.  Two  or 
more  layers  of  such  telescopic  tubing 
can  be  built  up  on  the  same  mandrel 
during  the  manufacturing  process. 

Electroforming  is  not  an  economical 
method  of  fabrication,  but  in  many 
cases  it  is  less  expensive  than  con¬ 
ventional  machining  of  the  part  to 
precision  tolerances. 

Moadralt 

There  are  two  distinct  classes  of 
work  involved  in  fabricating  micro- 
wave  components.  One  deals  with 
pieces  of  uniform  cross-section  or 
pieces  having  a  taper  in  one  direction 
only.  In  such  cases  it  is  possible  to 
withdraw  the  mandrel  from  the  fin¬ 
ished  work  and  use  it  again.  On  the 

Impedoac*  malar  wbosa  coaxial  Una  and 
troveUing  corriaga  ora  non-rotolobla  pro- 
dsion  taloscopic  tubing 
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other  hand  pieces  with  irregular 
shapes,  or  in  general,  with  any  geo¬ 
metry  which  does  not  permit  with¬ 
drawing  the  mandrel  when  finished 
necessitate  an  expendable  mandrel. 

The  reusable  mandrels  can  be  di¬ 
vided  into  two  classifications:  (1) 
those  using  a  separating  medium  and 
(2)  those  relying  on  the  poor  adher¬ 
ence  of  a  conductive  coating.  These 
two  types  are  constructed  alike,  and 
differ  mainly  in  the  material  of  the 
mandrel  and  the  method  of  separat¬ 
ing  it  from  the  work.  In  each  case 
machining  centers  are  provided  in 
the  ends  for  machining  both  the  man¬ 
drel  and  the  outside  of  the  electro- 
formed  work.  Threaded  holes  may 
also  be  put  in  the  ends  to  accommo¬ 
date  bolts  or  hooks  used  to  support 
the  mandrel  in  the  plating  tank.  To 
prevent  the  plating  solution  from 
etching  the  machining  centers,  plas¬ 
tic  masking  caps  are  made  to  fit 
tightly  over  the  mandrel  ends.  A 
nut  and  washer  on  the  threaded  bolt 
tighten  against  the  cap  to  complete 
the  seal.  Usually  the  ends  of  the 
mandrel  are  turned  down  for  a  short 
distance  to  provide  a  shoulder  for 
the  masking  caps  and  for  attaching  a 
machining  dog. 

The  mandrel  diameter  is  usually 
made  undersize  by  about  0.001  inch 


and  then  uniformly  plated  with  tin 
to  the  correct  dimensions  by  proper 
handling  in  the  tank.  Copper  may 
then  be  heavily  electrodeposited  on 
the  tin  to  build  up  the  material  for 
the  tubing.  When  the  outside  of  the 
copper  tubing  has  been  machined 
to  size,  the  mandrel  can  easily  be 
withdrawn  from  the  work  by  heating 
the  assembly  to  slightly  above  the 
melting  point  of  tin.  To  avoid  oxida¬ 
tion  of  the  tin  which  would  prevent 
separation  of  the  mandrel  from  the 
work,  the  heating  is  best  done  in 
either  an  oil,  wax,  or  lead  bath,  but 
it  can  be  accomplished  in  air  under 
controlled  conditions. 

The  poor  adherence  type  of  man¬ 
drel  is  made  of  glass,  Kovar,  or  any 
other  material  having  a  relatively 
low  coefficient  of  thermal  expansion. 
The  glass  mandrels  in  this  classifica¬ 
tion,  are  interesting  because  their 
finish  can  be  obtained  by  optical 
grinding  and  polishing  methods  if 
necessary  to  meet  the  stringent  tol¬ 
erance  requirements.  The  surface 
of  the  mandrel  is  made  conducting 
by  coating  it  with  silver  either  by  a 
spraying  or  dipping  process.  This 
extremely  thin  coating  becomes  an 
integral  part  of  the  electroformed 
work  when  finished.  A  sprayed  coat¬ 
ing  is  also  required  for  the  low  ex¬ 


pansion  metallic  mandrels  to  provide 
a  poor  adherence  film  in  order  to  re¬ 
move  the  electroformed  unit  from 
the  mandrel.  Copper  or  any  other 
suitable  metal  can  then  be  plated  on 
the  silver  to  the  desired  thicknes,s  for 
the  w'alls  of  the  tubing.  Sometimes 
chromium  is  added  over  the  copper 
to  provide  a  hard,  wear  resisting  sur- 
face  for  sliding  or  rotating  parts. 
After  the  outside  of  the  work  has 
been  machined  to  dimensions,  the 
mandrel  may  be  removed  by  heating 
the  assembly  to  about  600  F.  Since 
the  silver-copper-chromium  shell  ex¬ 
pands  about  twice  as  fast  as  the  glass 
mandrel,  the  work  becomes  larger 
than  the  mandrel  and  can  easily  be 
removed.  Also,  since  the  layer  of  sil¬ 
ver  was  deposited  on  the  polished 
mandrel  by  a  spraying  process,  it 
does  not  adhere  very  tenaciously  to 
the  glass,  thereby  allowing  separa-  ' 
tion  of  the  expanded  work  from  the 
mandrel. 

Expendobi*  Mandrels 

The  expendable  mandrels  can  also 
be  divided  into  two  groups:  (1)  dis¬ 
solvable  metals  and  (2)  fusible 
metals  and  waxes.  Both  groups  are 
used  in  applications  where  the  man¬ 
drel  must  change  form  to  permit  its 
removal  from  the  work.  The  dissolv- 


Woreguide  tee  section  and  the  multiple  mandrel  used  in  its  fabrication 
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merits  of  a  special  application.  All  of 
these  unusual  conditions  can  be  ad¬ 
equately  met  by  using  electroforming 
techniques  on  reusable  mandrels. 
The  internal  dimensions  of  the  pieces 
are  as  precise  as  the  outside  surface 
of  the  mandrels,  and  may  be  held 
to  a  few  tenths  of  a  thousandth  of  an 
inch. 

To  fabricate  any  of  the  pieces  il¬ 
lustrated  by  ordinary  machining 
methods  would  be  rather  difficult. 


Telescopic  Tubing 

One  of  the  most  difficult  problems 
in  designing  a  coaxial  line  imped¬ 
ance  meter  is  maintaining  extreme 
accuracy  in  the  sliding  probe  mechan¬ 
ism,  and  yet  having  the  instrument 
easy  to  machine  and  assemble.  The 
travelling  probe  must  remain  at  a 
constant  depth  inside  the  coaxial  line 
as  it  moves  along  through  the  longi¬ 
tudinal  slot.  It  must  also  maintain  a 
fixed  relationship  with  respect  to  the 
sides  of  the  slot,  a  condition  which 
necessitates  no  wobble  or  slop  in 
the  carriage.  Electro-magnetic  en¬ 
ergy  can  be  prevented  from  leaking 
out  of  the  slot  by  providing  a  close 
fitting  cover  which  slides  with  the 
carriage. 

All  of  the  above  requirements  can 


Precision  Tubing 

In  many  cases  tubing  of  uniform 
cross-section  is  required  for  coaxial 
line  or  waveguide  precision  instru¬ 
ments.  When  going  from  one  diam¬ 
eter  coaxial  line  to  another,  a  long 


Round-to-rectonqular  woreguide  sections  made  on  expendable  materials 


Dissolvable  metal  mandrel  and  experimental  woregnide  starting  section  urag  a  special 
antenna  hou^g.  a  typicol  use  of  the  techniques  for  ezperlmenlol  models 


able  mandrels  can  be  made  of  com¬ 
mercially  pure  aluminum  (dissolves 
in  NaOH)  or  zinc  (dissolves  in  HCl), 
or  ordinary  cold  rolled  steel  which  is 
dissolvable  in  HCl.  Applications  for 
this  type  of  mandrel  would  be  in 
work  having  thin  walls  where  exces¬ 
sive  heat  might  cause  distortion,  or 
where  a  mandrel  harder  than  the 
fusible  metals  and  waxes  was  re¬ 
quired.  When  using  expendable  man¬ 
drels,  it  may  be  necessary  to  provide 
several  reference  points  for  machin¬ 
ing  purposes. 

The  fusible  metals  and  waxes  are 
useful  as  mandrels  in  making  intri¬ 
cate  shapes  where  the  finished  piece 
is  obtained  by  melting  out  the  man¬ 
drel.  The  waxes  are  made  conducting 
by  either  spraying  with  a  metallic  or 
graphite  coating,  or  by  any  of  the 
other  accepted  techniques.  Commer¬ 
cial  fusible  metals  can  be  had  in  a 
wide  variety  of  melting  tempera¬ 
tures.  Since  these  metals  and  waxes 
can  be  cast  easily  into  precision  man¬ 
drels,  fabrication  of  irregular  shaped 
components  by  electroforming  can 
be  put  on  a  production  basis. 


tapered  section  is  needed  to  provide 
a  good  match  between  the  two  lines 
to  maintain  a  low  standing-wave 
ratio.  At  times  a  waveguide  is  ta¬ 
pered  to  meet  geometry  require- 
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be  met  by  electroforming  non¬ 
rotating  telescopic  tubing  on  a  re¬ 
usable  mandrel.  The  procedure  is  to 
use  a  steel  mandrel  slightly  under 
the  size  required  for  the  inside  di¬ 
ameter  of  the  coaxial  line.  After  tin 
plating  to  dimensions,  copper  is 
heavily  deposited  over  the  tin  in  the 
usual  manner.  The  outside  surfaces 
are  then  machined  to  provide  the 
desired  wall  thickness.  At  this  time 
the  groove  in  a  slotted  line  is  ground 
or  milled  the  entire  length  of  the 
piece.  The  outside  surface  of  the 
coaxial  line  conductor  is  now  tin 
plated  to  allow  it  to  be  used  as  the 
mandrel  for  forming  the  piece  of 
tubing  which  is  to  slide  over  it. 
When  this  second  tubing  has  been 
electroformed,  it  is  machined  to  size 
and  the  work  is  ready  for  separation 
from  the  steel  mandrel.  The  assem¬ 
bly  is  heated  to  slightly  above  the 
melting  point  of  tin  in  either  an  oil, 
wax,  or  lead  bath,  the  work  is  sep¬ 
arated  from  the  mandrel,  and  the 
pieces  of  tubing  separated  from  each 
other.  The  tin  is  wiped  off  the  hot 
mandrel  with  a  clean  cloth,  the  man¬ 
drel  is  ready  for  use  again.  The  tin 
remaining  on  the  tubing  sections  is 
etched  away  in  boiling  hydrochloric 
acid  for  two  to  three  hours.  Any  fur¬ 
ther  machining  required  on  the  tub¬ 
ing  after  removing  the  mandrel 
necessitates  careful  handling  of  the 
work  to  preserve  the  precision 
already  attained. 

Telescopic  tubing  made  by  this 
process  accomplishes  the  following 
things  for  the  impedance  meter  de¬ 
signer.  The  inside  diameter  of  the 
coaxial  line  is  maintained  accurately 
throughout  its  length  and  has  a 
smooth  surface  finish.  Since  electro- 
formed  metals  are  relatively  stress 
free,  no  measurable  distortion  of  the 
tubing  will  occur  when  the  probe  slot 
is  milled  in  the  inner  section.  The 
longitudinal  groove  and  key  prevent 
any  tendency  of  the  carriage  to  ro¬ 
tate  or  wobble  around  the  coaxial 
line,  and  the  outer  tubing  can  be 
used  as  the  carriage.  The  spacing 
between  the  inner  and  the  outer 
tubes  is  a  minimum,  being  only  the 
thickness  of  the  tin  plating  used  as 
the  separating  medium.  This  condi¬ 
tion  is  desirable  when  using  a  slot 
cover  to  prevent  electromagnetic 
energy  leaking  out  through  the  probe 
slot. 

Telescopic  rectangular  tubing  is 
just  as  feasible  as  round  tubing,  and 


DiuoWobls  mandrel  made  of  aluminum, 
and  the  reentrant  resonator  made  from  it. 
After  electroforminq  the  wall  to  the  re¬ 
quired  thickness  the  mandrel  was  dis¬ 
solved  by  NaOH 


Bellows  constructed  by  the  electroforminq 
process 


the  dimensions  of  the  inner  piece  can 
be  held  to  far  closer  tolerances  than 
commercial  rectangular  tubing. 

Other  uses  for  telescopic  tubing  in 
microwave  components  are  in  adjust¬ 
able  lengths  of  coaxial  line  or  line 
stretchers,  multi-stub  transformers, 
precision  matching  sections,  and  ro¬ 
tating  joints.  The  possibility  of  easy 
fabrication  of  precision  telescopic 
tubing  makes  adjustable  line-section 
problems  much  simpler  than  hereto¬ 
fore.  This  is  especially  true  where 
added  wear  resistance  is  available 
by  using  tubing  with  a  copper  core 
and  a  hard  chromium  outer  shell. 

Multipl*  Mandrels 

Tee  sections  for  precision  wave¬ 
guide  applications  are  difficult  to 
make  from  standard  rectangular  tub¬ 
ing.  Electroformed  tee  sections  have 
accurate  dimensions  both  at  the  junc¬ 
tions  and  in  the  waveguide  itself.  It 
is  most  important  that  a  good  elec¬ 
trical  contact  be  made  across  the 
butt  joints  where  the  mandrel  sec¬ 
tions  come  together,  otherwise  a  flaw 
will  result  in  the  finished  electro¬ 
formed  piece  at  the  point  of  poor 
contact. 

Bolts  hold  the  mandrel  assembly 


together  during  plating,  and  are  re¬ 
moved  when  ready  to  withdraw  the 
sections  from  the  work.  To  prevent 
the  solution  from  plating  on  the 
heads  of  the  bolts,  insulating  plugs 
are  forced  into  the  counter-bored 
holes.  Separating  the  mandrel  from 
the  work  is  accomplished  by  heating 
the  assembly  to  melt  the  tin.  The 
mandrel  sections  are  withdrawn  and 
the  remaining  tin  is  etched  away  in 
HCl. 

Glass  mandrels  can  be  used  in 
making  precision  tubing.  Instead  of 
using  tin  for  the  separating  medium, 
a  metallic  layer  can  be  deposited 
upon  the  surface  of  the  glass  to  make 
it  conducting,  and  separation  of  the 
work  from  the  mandrel  is  accom¬ 
plished  as  explained  earlier.  In  all 
other  respects,  glass  and  metal  man¬ 
drels  produce  similar  results. 

Irregalar  Shapat 

Certain  applications  require  a  sec¬ 
tion  of  waveguide  which  goes 
smoothly  from  a  rectangular  to  a 
circular  cross-section.  This  is  an 
ideal  example  for  the  expendable 
mandrel  technique.  Probably  the 
simplest  method  would  be  to  use  a 
fusible  metal  of  low  melting  point, 
shape  it  to  size,  electroform,  machine 
the  outside  surface  where  necessary, 
and  then  melt  out  the  mandrel. 

A  slightly  different  type  of  wave¬ 
guide  problem  is  one  using  rectangu¬ 
lar  cross-section  with  a  smooth  90- 
deg  twist  along  the  axis  to  the  guide. 
To  maintain  a  low  standing-wave 
ratio,  the  internal  dimensions  should 
be  kept  accurate  and  the  wall  faces 
parallel  throughout  the  twisted  sec¬ 
tion.  Either  type  of  expendable  man¬ 
drel  could  be  used  in  this  case  with 
good  results. 

Sometimes  it  is  necessary  to  make 
special  bellows  whose  depth  of  con¬ 
volution  or  whose  length  is  such  as 
to  prevent  it  from  being  manufac¬ 
tured  by  conventional  methods.  For 
example,  the  depth  of  convolution 
might  be  some  fraction  of  a  wave¬ 
length  to  produce  certain  electrical 
results  in  a  flexible  transmission  line 
section.  The  mandrel  for  such  a  bel¬ 
lows  could  be  aluminum.  It  would  be 
necessary,  however,  to  provide  a  spe¬ 
cial  anode  structure  between  the 
convolutions  to  obtain  sufficient 
“throwing  power”  from  the  plating 
bath.  Otherwise  the  wall  thickness 
will  be  non-uniform  and  the  bellows 
will  not  operate  smoothly. 
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TELEPHONE 

AMPLIFIER 

Privately  serviced  telephone  lines  used  by  broadcasters  are 
often  unsatisfactory  because  of  high  attenuation  owing  to 
great  length.  A  simple  two-way  amplifier  for  ordinary  hand¬ 
sets  facilitates  communication  without  danger  of  crossstalk 


WJJD  is  shown.  One  triode  receiv¬ 
ing-type  tube  was  found  to  give  suf¬ 
ficient  gain  in  each  amplifier.  A  con¬ 
trol  is  necessary  in  the  transmitting 
amplifier  to  adjust  the  transmitted 
voltage  to  its  limit  of  1.73  volts. 

Without  recourse  to  test  equip¬ 
ment,  the  major  problem  in  getting 
the  amplifier  to  function  properly  is 
finding  the  correct  value  of  Z.  This 
was  determined  in  practice  by  con¬ 
necting  an  audio  oscillator  to  the  in¬ 
put  of  the  transmitting  amplifier  and 
a  volume  indicator  meter  at  the  out¬ 
put  of  the  receiving  amplifier.  Vari¬ 
able  resistors,  capacitors,  and  small 
inductors  were  then  connected  until 
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Kngiurer 

Radio  Station  WJJD 
Chicago,  III. 


Radio  broadcast  transmitlers 

are  usually  located  many  miles 
from  their  studios.  They  are  cus¬ 
tomarily  linked  by  two  or  more 
leased  wires,  one  carrying  the  pro¬ 
gram  to  the  transmitter  and  another 
used  for  nearly  continuous  communi¬ 
cation  between  studio  and  transmit¬ 
ter  engineers.  The  chief  restriction 
placed  by  the  telephone  companies 
upon  their  use  is  that  the  maximum 
transmitted  voltage  shall  not  exceed 
1.73  volts. 

Avoiding  Foodback 

The  carbon-button  microphone 
with  which  the  ordinary  local-battery 
telephone  handset  is  equipped  gener¬ 
ates  about  the  maximum  voltage  al¬ 
lowed.  This  indicates,  therefore, 
that  amplification  should  be  confined 
to  the  receiving  end  of  the  line.  Diffi¬ 
culty  will  be  experienced  if  the  input 
of  a  receiver  amplifier  is  connected 
directly  across  the  telephone  line  be¬ 
cause  both  transmitted  and  received 
signals  are  present  at  this  point  and 
the  transmitted  signal  is  much  more 
intense.  With  the  ordinary  handset, 
this  connection  would  cause  the  re¬ 
ceiver  to  talk  back,  at  a  volume  de¬ 
pending  on  the  gain  of  the  amplifier. 
All  telephones  talk  back  to  some  ex¬ 
tent  (the  phenomenon  is  called  side 
tone)  and  the  effect  is  not  annoying. 
However,  when  an  amplifier  is  used 
at  the  receiver,  the  side  tone  becomes 
intolerably  loud  and  may  even  result 
in  audio  feedback  which  renders  the 
equipment  useless. 

To  avoid  excessively  loud  side  tone, 
the  transmitted  signal  must  be  kept 


out  of  the  receiving  amplifier  by 
means  of  a  bridge  circuit  such  as 
that  shown  in  the  right-hand  side  of 
Fig.  1.  Here,  the  impedance  of  the 
artificial  line  Z  must  match  that  of 
the  telephone  line  so  that  the  bridge 
circuit  formed  by  L.,  L,,  Z,  and  the 
line  will  be  in  balance  for  signals 
transmitted  from  L„  resulting  in 
minimum  signal  at  L,.  Signals  from  • 
the  other  end  of  the  telephone  line 
will  be  induced  in  L«  because  of  the 
effective  shunt  connection  for  recep¬ 
tion.  Since  half  the  transmitted 
power  is  dissipated  in  the  artificial 
line,  it  is  necessary  to  provide  ampli¬ 
fication  for  the  microphone  as  well. 

The  complete  schematic  circuit 
diagram  of  the  amplifier  used  at 


50  OHM  TO  GRID 


a  combination  was  found  that  re¬ 
sulted  in  a  minimum  reading  on  the 
VI  meter  for  all  frequencies  between 
100  and  4,000  cps.  A  typical  network 
for  Z  is  shown  in  the  dashed  box. 
Although  the  balancing  network  de¬ 
sign  is  necessarily  different  for  each 
line,  this  information  is  often  avail¬ 
able  from  the  telephone  company 
leasing  the  circuit. 

Useful  for  Nemo 

The  equipment  can  be  used  at 
either  or  both  ends  of  a  studio-trans¬ 
mitter  line,  but  the  balancing  net¬ 
work  is  not  the  same  at  both  ends, 
and  in  any  case  must  be  adjusted 
separately.  Side  tone  resulting  from 
a  slight  unbalance  is  not  unpleasant, 
giving  a  simulation  of  ordinary  tele¬ 
phone  conditions.  This  technique 
lends  itself  to  other  uses  such  as  long 
nemo  (remote  pickup)  lines. 
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FIG.  1 — Complute  terminal  equipment  showing  the  handset  and  ampliiiers.  bridge  circuit 
lor  reducing  side  tone,  and  detail  of  a  typical  balancing  network.  A  conventional 

power  supply  is  used 
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The  MPG-1  Radar 

Concluding  a  series  on  the  3-cm  coastal  fire-control  radar,  the  details  of  the  timing  and  indi- 
eating  systems  are  presented.  Crystal  controlled  sweeps  determine  range  of  marine  targets  to 

a  static  precision  of  =*=3  yards 


By  H.  A.  STRAUS,  L.  J.  RUEGER,  C.  A.  WERT 

Radiation  Laboratory,  Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 

and  S.  J.  REISMAN,  M.  TAYLOR,  R.  J.  DAVIS,  J.  H.  TAYLOR 

Radio  Division,  Bendix  Aviation  Cory.,  Totrson,  Md. 


IN  THE  PRECEDING  ARTICLES  of  this 
series,  a  general  introduction  to 
the  AN/MPG-1  radar  and  a  brief 
description  of  the  transmitting,  r-f, 
receiving  and  antenna-positioning 
systems  were  presented.  The  timing, 
ppi,  b-indicator,  and  remote-B  indi¬ 
cator  systems  are  described  in  this 
article. 

Timing  System 

Since  pulse  transit  time  (time  be¬ 
tween  transmission  and  reception) 
and  target  range  are  measured  on 


oscilloscopes,  the  oscilloscope  sweeps 
must  be  accurately  synchronized  to 
the  transmitted  pulse.  Further,  since 
the  expanded  B-scope  presents  only 
a  2000-yard  segment  of  range,  with 
the  range  sweep  starting  at  the  bot¬ 
tom  of  the  scope  and  the  target  lo¬ 
cated  in  the  center,  a  delay  is  neces¬ 
sary  in  the  B-scope  trigger  so  that 
the  range  sweep  will  not  start  until  a 
period  of  time  has  elapsed  equal  to 
the  pulse  transit  time  minus  6.1  mi¬ 
croseconds  (1000  yards).  On  short- 
range  ppi,  the  transmitted  pulse 
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Type-B  Indicator  presentation  of  shell 
splashes  and  marine  target,  taken  on  the 
MPG-1  by  the  Coast  Artillery  Board.  The 
target  (a  comer  reflector  on  a  float)  ap¬ 
pears  Just  above  the  intersection  of  the 
centerlines.  A  155-mm  shell  has  landed 
just  short  of  the  target  (immediately  below) 
while  another  shell  splash  can  be  seen 
above  and  0.3  degrees  to  the  right.  The 
echo  at  the  left  is  a  tug  towing  the  target. 
The  range  coordinate  is  2000  yards  from 
bottom  to  top  of  picture 


must  be  delayed  6.1  microseconds  to 
give  the  movable  range  marker  a 
chance  to  form  at  zero  range.  Since 
the  B-scope  range-sweep  trigger  is 
synchronized  to  the  ppi  movable- 
marker  trigger  (a  design  feature 
which  is  necessary  to  enable  the  op¬ 
erators  to  select  on  the  30,000-yard 
ppi  the  targets  which  are  to  be 
tracked  on  the  B-scope)  an  additional 
delay  of  6.1  microseconds  is  needed 
in  the  transmitted  pulse  to  ensure 
that  the  selected  target  will  be  near 
the  center  of  the  B-scope  when  the 
mode  of  presentation  is  switched 
from  short-range  ppi  to  type  B.  It 
is  the  function  of  the  timing  system 
to  supply  the  triggers  and  delays 
necessary  for  the  measurement  of 
target  range,  and  to  provide  range 
accuracy  of  about  ±20  yards.  A  tim¬ 
ing  diagram  of  the  modulator,  ppi. 
and  B-scope  triggers  is  given  in 
Fig.  1. 

Basically,  target  range  is  meas- 
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Ch«sap«ake  Bay  from  Fort  Smallwood,  as 
presented  by  plan  position  indicator  on 
30.000-yard  scale 

and  produces  a  phase-shifted  output 
which  is  a  sinewave  of  constant  am¬ 
plitude  having  the  same  frequency 
as  the  reference  sinewave.  By  means 
of  mechanical  linkage  between  the 
range  tracking  unit  and  a  specially- 
designed  capacitor,  the  phase-shift 
is  made  proportional  to  the  range 
indicated  on  the  tracking-unit  dials. 
Pips  derived  from  the  phase-shifted 
163.88-kc  sinewave  are  fed  to  the 
B-indicating  system  where  they  are 
formed  into  1000-yard  range  mark¬ 
ers.  These  same  pips  are  also  fed  to 
the  coincidence  circuit  where  they 
take  part  in  the  formation  of  the 
B-scope  range-sweep  trigger. 

The  coincidence  circuit  also  re¬ 
ceives  a  6-microsecond  gate  from  the 
range-delay  circuit.  This  gate  is  trig¬ 
gered  by  the  trailing  edge  of  a  saw¬ 
tooth  voltage  waveform  the  width  of 
which  is  roughly  proportional  to  tar¬ 
get  range.  The  width  of  the  saw¬ 
tooth,  which  is  obtained  by  mechan- 


ured  by  counting  the  number  of  oscil-  range  minus  1000  yards, 
lations  completed  by  a  163.88-kc  The  phase-shifter  circuit  receives 
crystal  during  the  pulse  transit  time,  a  fraction  of  the  reference  sinewave 

This  frequency  is  chosen  because  its 
period  is  6.1  microseconds,  which  is 
equal  to  the  transit  time  of  a  pulse 
which  travels  from  the  antenna  to  a 
target  1000  yards  away,  then  back  to 
the  antenna.  Thus  a  linear  relation¬ 
ship  exists  between  the  range  of  a 
target  in  thousands  of  yards,  and  the 
number  of  crystal  oscillations. 

Figure  2  is  a  block  diagram  of  the 
timing  system.  The  crystal  oscillator 
generates  a  reference  sinewave  which 
is  transmitted  to  a  frequency-divider 
circuit  and  a  phase-shifter  circuit. 

This  sinewave  establisheij  the  zero¬ 
time  reference  point  for  the  entire 
system. 

In  the  frequency-dividing  circuit 
the  reference  sinewave  is  formed 
into  pips  of  the  desired  frequency  as 
showTi  in  Fig.  3.  The  trigger  circuit 
forms  the  incoming  pips  into  sharp 
trigger  pulses  for  the  ppi  range- 
sw^eep  and  modulator  and  introduces 
the  necessary  delays  required  for 
formation  of  the  movable  range 
marker  at  zero  range  and  the  trig¬ 
gering  of  the  B-scope  range  sweep  at 
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ical  linkage  of  a  potentiometer  to  the 
range  tracking  unit,  is  a  coarse  meas¬ 
ure  of  range.  The  coincidence  tube 
can  conduct  only  one  phase-shifted 
pip  while  the  6-microsecond  gate  is 
on,  because  the  interval  between  pips 
is  at  least  6  microseconds.  The  pips 
formed  from  the  phase-shifted  sine- 
wave  are  a  fine  measure  of  target 
•range. 

Timing  Circuit  Details 

In  the  frequency-dividing  circuits 
the  reference  sinewave  is  rectified, 
squared,  differentiated  and  formed 
into  163.88  kc  pips.  All  of  the  fre¬ 
quency  dividers  used  are  of  the 
blocking  oscillator  type,  an  example 
of  which  is  shown  in  Fig.  4.  The 
blocking  oscillator  employs  cathode 
feedback  and  an  R-C  time-constant 
network  in  the  grid  circuit  which 
determines  the  free-running  fre¬ 
quency.  To  make  this  stage  operate 
as  a  2:1  divider,  the  values  of  C„  and 
Rg  are  so  chosen  that  the  grid-volt¬ 
age  recovery  time  is  long  enough  to 
prevent  triggering  of  the  blocking 
oscillator  except  by  alternate  applied 
trigger  pulses.  For  one  out  of  every 
two  input  pulses,  the  grid  voltage  is 
so  near  the  cut-off  point  that  the  ad¬ 
ditional  voltage  of  the  input  trigger 
raises  the  grid  voltage  above  cutoff 
and  initiates  the  cycle.  Thus  every 
other  input  pulse  acts  as  a  synchron¬ 
izing  trigger  and  the  output  pips 
generated  by  the  blocking  oscillator 
recur  at  one-half  the  frequency  of 
the  input  pips.  Reliable  division  is 
usually  limited  to  a  ratio  of  approxi¬ 
mately  5:1  to  prevent  instability. 


The  trigger  circuit  employs  a  de¬ 
lay  gate  generator  (multivibrator) 
and  coincidence  tube  to  introduce  de¬ 
lays  ill  the  modulator  and  ppi  trig¬ 
gers.  On  long-range  ppi  no  delays 
are  needed  so  the  coincidence  sup¬ 
pressor  grid  is  grounded  while  the 
1.024  kc  modulator  and  ppi  triggers 
are  applied  to  the  control  grid  and 
amplified  by  the  stage.  On  short- 
range  ppi  the  suppressor  is  connected 
to  — 130  volts  so  that  the  stage  is 
non-conducting  unless  a  positive 
voltage  of  more  than  +130  volts,  in 
the  form  of  a  delay  gate,  is  applied 
to  the  suppressor.  By  using  a  9-mi¬ 
crosecond  delay  gate  on  the  suppres¬ 
sor  and  applying  6.1-microsecond 
pulses  to  the  grid,  a  pulse  is  selected 
for  amplification  which  is  delayed  by 
6.1  microseconds  with  respect  to  zero 
time.  This  delay  in  the  modulator 
and  short-range  ppi  triggers  is 
needed  to  allow  the  movable  marker 
to  appear  at  zero  range.  On  type-B 
presentation,  an  additional  6.1  micro¬ 
second  delay  is  required  in  the  modu¬ 
lator  trigger  because  the  B-scope 
range  sweep  is  triggered  by  the  same 
pip  which  triggers  the  ppi  movable 
mark,  and  if  the  modulator  trigger 
were  not  delayed  by  12.2  microsec¬ 
onds  the  target  pip  would  appear  at 
the  bottom  of  the  B-scope.  An 
18-microsecond  delay  gate  applied  to 
the  coincidence  suppressor  and 
12.2-microsecond  pips  applied  to  the 
grid  give  the  desired  results. 

Spaeial  Capacitor 

For  accurate  range  measurement, 
it  is  necessary  to  obtain  a  constant- 


amplitude  163.88-kc  phase-shifted 
sinewave  whose  phase  differs  from 
that  of  the  reference  sinewave  by  an 
amount  which  is  continuously  pro¬ 
portional  to  the  setting  of  the  range 
tracking  unit  dials.  The  reference 
sinewave  is  applied  to  an  R-C  phase¬ 
splitting  circuit,  RiCi  and  R.C,,  in 
the  circuit  shown  in  Fig.  5  the  ca¬ 
pacitive  reactance  of  Ci  is  made  equal 
to  the  resistance  of  Rt  and  likewise 
for  Rn  and  C*,  resulting  in  the  ap¬ 
pearance  at  points  A,  B,  C,  and  D 
of  four  voltages  in  phase  quadra¬ 
ture,  having  the  same  frequency  and 
amplitude.  Thus  plates  1,  2,  3  and  4 
of  the  special  capacitor  shown  have 
equal  impressed  voltages,  but  the 
voltage  on  plate  1  is  in  phase  with 
the  reference  sinewave,  the  voltage 
on  plate  2  is  90  deg  out  of  phase, 
the  voltage  on  plate  3  is  180  deg  out 
of  phase,  etc.  The  special  capacitor 
is  so  designed  that  it  combines  these 
four  voltages  into  a  resultant  sine- 
w’ave  of  constant  amplitude  (0.5v 
rms),  frequency  (163.88  kc)  and 
phase  shift  (with  reference  to  the 
input)  which  is  proportional  to  the 
rangetracking  dial  setting. 

An  exploded  view  of  the  phase- 
shift  capacitor  is  given  in  Fig.  6. 
One  half  of  the  capacitor  is  a  circu¬ 
lar  common  plate,  the  other  half  con¬ 
sists  of  four  quadrant-shaped  plates 
which  are  insulated  from  one  an¬ 
other.  On  the  shaft,  which  is  driven 
by  the  range  tracking  unit,  is  a  cir¬ 
cular,  eccentrically-mounted  disc  of 
.mycalex  dielectric  which  rotates  be¬ 
tween  the  tw’o  halves  of  the  capaci¬ 
tor.  Since  the  capacity  between  the 
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When  the  sawtooth  has  reached  the 
d-c  level  established  by  the  range 
potentiometer  the  negative  gate  is 
no  longer  required  and  the  multivi¬ 
brator  is  returned  to  its  original  con¬ 
dition  by  a  negative  pip  from  the 
shut-off  amplifier. 

The  linear  sawtooth  circuit  in¬ 
cludes  the  clamper,  isolation  diode, 
cathode  follower  and  discharge  di¬ 
ode.  W’ith  no  trigger  applied  to  the 
trigger  amplifier,  clamper  con¬ 
ducts  heavily  and  current  flows 
through  Rn  and  the  isolation  diode. 
The  Vs  plate  is  held  at  +2  volts. 
Point  A  is  slightly  less  than  300  volts 
and  Ca  charges  almost  to  the  B-f 
supply  voltage.  When  the  circuit  is 
triggered  the  clamper  is  cut  off  and 
its  plate  voltage  rises.  This  voltage 
increase  is  applied  to  the  R-C  cir¬ 
cuit.  A  voltage  drop  across  Ri  occurs 
as  the  result  of  charging  current 
surging  through  this  resistor,  and  a 
sawtooth  voltage  begins  to  build  up 
from  the  level  established  across  R , 
resulting  in  a  trapezoidal  waveform. 
Without  feedback,  C,  and  Cs  would 
charge  tow’ard  -1-300  volts  and  the 
output  voltage  would  be  exponential 
in  form.  However,  a  linear  voltage  is 
required  for  accurate  range  meas¬ 
urement  and  hence  feedback  circuits 
are  provided  to  make  the  output 
linear.  Feedback  through  R^  is  ap¬ 
plied  to  both  Cl  and  C.  and  through 
Ra  to  Cs  only. 

Cathode  follower  T”,  is  normally 
conducting.  As  the  charge  builds  up 
on  Cl  and  C„  the  V,  grid  becomes 
more  positive,  causing  the  plate  cur¬ 
rent  to  rise,  thus  increasing  the 


phase  shift  amounts  to  360  deg,  or 
1000  yards  of  target  range.  The 
phase-shifted  output  is  formed  into 
163.88-kc  pips  by  a  circuit  which  is 
similar  to  the  pip-forming  circuit 
previously  described.  It  remains  up 
to  the  range  delay  circuit  to  deter¬ 
mine  the  number  of  rotations  made 
by  the  phase-shift  capacitor  in  track¬ 
ing  from  zero  range  out  to  the  target. 

The  range  delay  circuit  shown  in 
Fig.  7  selects  one  of  the  phase- 
shifted  pips  derived  from  the  phase- 
shifted  sinewave  and  moves  that  pip 
from  zero  range  out  to  the  range  of 
the  target  as  the  tracking  output  is 
increased  from  zero.  The  range  de¬ 
lay  circuit  is  a  coarse  measure  and 
the  phase  shift  capacitor  is  a  fine 
measure  of  range.  A  range  potenti¬ 
ometer,  the  shaft  of  which  is  coupled 
mechanically  to  the  range  tracking 
unit,  sets  a  d-c  voltage  level  which  is 
approximately  proportional  to  range. 
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FIG.  4 — Circuit  and  waTeforms  of  a  two-to- 
one  blocking  oscillator  irequency-diTidett 


circular  plate  and  any  one  of  the 
quadrant  plates  depends  on  the 
amount  of  dielectric  between  them, 
the  capacitance  of  each  quadrant  de¬ 
pends  on  the  position  of  the  dielec¬ 
tric  disc.  The  resultant  output  ap¬ 
pears  across  resistor  Ri  (Fig.  5)  and 
is  a  combination  of  the  voltages  ap¬ 
pearing  across  each  quadrant  and 
the  common  plate. 

The  capacitor  shaft  is  revolved  un¬ 
til  the  disc  is  opposite  quadrant  1. 
The  output  is  then  in  phase  with  the 
reference  sinewave.  If  the  range 
tracking  dials  indicate  zero  range 
and  it  is  desired  to  bring  the  capaci¬ 
tor  to  zero,  this  may  be  done  with¬ 
out  uncoupling  the  capacitor  shaft 
from  the  tracking  unit.  A  control 
permits  rotation  of  the  capacitor 
housing  while  the  dielectric  disc  re¬ 
mains  stationary,  until  quadrant  1 
is  opposite  the  disc.  Range  errors  up 
to  approximately  rt50  yards,  which 
are  due  to  circuit  delays  in  the  B-in- 
dicator  system  and  the  modulator, 
may  be  eliminated  by  this  method. 
If  the  tracking  handwheel  is  now 
turned,  the  disc  moves  away  from 
quadrant  1  and  covers  an  ever-in¬ 
creasing  portion  of  quadrant  2.  The 
output  is  shifted  in  phase  until,  when 
the  disc  is  opposite  quadrant  2,  the 
phase  shift  amounts  to  90  deg.  As 
the  disc  moves  toward  quadrant  3, 
the  amount  of  phase  shift  increases 
toward  180  deg.  For  one  complete 
rotation  of  the  capacitor  shaft,  the 
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When  a  linear  sawtooth  is  built  up 
to  the  d-c  level  established  by  the 
range  potentiometer,  a  gate  voltage 
about  6-microseconds  wide  is  devel¬ 
oped.  The  6-microsecond  gate  and 
the  desired  phase-shifted  pip  are 
both  applied  to  a  coincidence  tube, 
the  output  of  which  is  a  pulse  which 
is  shifted  in  time  by  an  amount 
equivalent  to  the  range  tracking  dial 
indication  on  short-range  ppi  and 
less  than  this  by  1000  yards  on 
B-typ)e  presentation. 

A  4.097-kc  trigger  is  amplified  and 
used  to  drive  a  multivibrator.  The 
multivibrator  output  is  a  negative 
gate  which  cuts  off  the  clamper  tube 
Fa  for  the  duration  of  the  gate. 
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cathode  potential,  which  increases 
the  voltage  at  point  A.  Because  of 
the  long  time  constant  of  C,  and  R., 
C»  loses  very  little  charge.  The  isola¬ 
tion  diode  stops  conducting  when 
point  A  reaches  +300  volts.  Capaci-’ 
tors  Cl  and  C,  charge  toward  the  ris¬ 
ing  voltage  at  point  A.  At  long  range 
this  voltage  may  exceed  300v.  A  con¬ 
stant  current  flow  is  thus  maintained 
and  a  linear  charging  curve  is  pro¬ 
duced.  When  the  V,  cathode  poten¬ 
tial  is  raised,  the  voltage  increase  is 
applied  through  to  Cs  only,  thus 
providing  an  additional  linearizing 
action. 

The  pick-off  diode  begins  to  con¬ 


duct  when  the  sawtooth  voltage 
reaches  the  d-c  level  set  by  the  range 
potentiometer.  A  pulse  having  the 
required  time  delay  for  the  B-sweep 
is  developed  across  Rs,  then  amplifled 
and  applied  to  the  shut-off  amplifier 
which  cuts  off  the  multivibrator. 
When  the  multivibrator  is  cut  off,  F, 
conducts  and  Ci  and  C«  are  dis¬ 
charged,  aided  by  the  discharge  di¬ 
ode  which  shorts  Ra.  The  circuit  is 
thus  returned  to  its  original  condi¬ 
tion.  The  pulse  from  the  pick-off 
diode  also  triggers  a  blocking  oscil¬ 
lator  which  generates  a  6-microsec¬ 
ond  gate.  Both  the  6-microsecond 
gate  and  the  phase-shifted  1000-yard 
pips  are  applied  to  a  coincidence  tube 
which  conducts  only  when  the  gate 
and  a  pip  coincide.  The  gate  is  wide 
enough  to  pass  only  one  pip.  The 
coincidence  output  is  a  negative  pulse 
which  triggers  the  B-sweep  circuit. 
If  the  slope  of  the  linear' sawtooth  is 


properly  chosen,  the  6-microsecond 
gate  and  a  particular  phase-shifted 
pip  will  move  in  range  at  the  same 
rate  when  the  tracking  output  in¬ 
creases  mechanically,  thus  making  it 
possible  to  select  one  pip  and  follov 
it  from  zero  to  maximum  range. 

When  the  system  is  calibrated  on 
a  target  of  known  range  by  adjust¬ 
ment  of  the  phase  shifter  capacitor, 
the  indicated  range  to  any  other  tar¬ 
get  is  a  function  of  the  linearity  of 
the  capacitor.  Careful  operators  can 
obtain  accuracy  in  the  order  of  ±3 
yards.  If  no  known  target  is  avail¬ 
able,  the  system  may  be  calibrated 
on  the  signal  due  to  transmitted 


pulse  but  the  resultant  range  accur¬ 
acy  is  not  better  than  ±20  yards. 
Note  that  the  range  errors  are  abso¬ 
lute  and  not  a  percentage  of  range. 

PPI  System 

Surveillance  of  targets  is  provided 
on  a  conventional  7-inch  magnetic 
deflection  plan  position  indicator,  a 
general  description  of  which  is  given 
in  the  first  installment  of  this  series 
of  articles.  Figure  8  is  a  block  dia¬ 
gram  of  the  system.  Since  a  persist¬ 
ent  screen  is  used,  range  markers  ap¬ 
pear  as  circles  when  the  antenna 
rotates,  and  a  polar  map  of  the  area 
of  interest  is  generated  when  the  an¬ 
tenna  scans  back  and  forth.  The 
range  sweep  starts  from  the  center 
of  the  scope  and  proceeds  to  the  edge 
at  a  uniform  linear  velocity.  The 
deflection  coil,  which  is  mounted  in 
a  mechanically-driven  slip-ring  and 
bearing  assembly,  is  rotated  by  servo 


control  so  that  the  range  sweep 
always  indicates  the  direction  of  the 
emitted  pulse.  A  rotatable  azimuth 
scale  with  an  engraved  line  is  pro¬ 
vided  over  the  scope  face.  When  a 
control  knob  is  turned  to  position  the 
engraved  line  over  a  target  signal, 
the  target  azimuth  may  be  read  on 
an  index.  ' 

When  tracking,  a  different  type  of 
sector  scan  is  used  and  hence  ppi 
data  cannot  be  presented  simultane¬ 
ously  with  B-scope  data  unless  video 
signals,  servo  data  and  range-sweep 
triggers  are  obtained  from  a  sepa¬ 
rate  surveillance  set  located  in  the 
neighborhood.  Figure  9  shows  the 
waveforms  applied  to  the  cathode-ray 
tube. 

B-Indicator  and  Remote>B  Systems 

An  area  10-deg  wide  by  2000-yards 
deep,  located  anywhere  within  28,000 
yards  of  the  antenna,  may  be  pre¬ 
sented  on  the  B-scope.  Range  is 
measured  vertically,  azimuth  hori¬ 
zontally.  Range  markers  represent¬ 
ing  range  minus  1000  yards,  target 
range,  and  range  plus  1000  yards 
appear  as  horizontal  lines  across  the 
scope  face.  Vertical  markers  indi¬ 
cate  azimuth  minus  1  deg,  target  azi¬ 
muth,  and  azimuth  plus  1  deg. 

Approximately  sixteen  pictures  of 
the  B-scope  area  are  made  each  sec¬ 
ond,  depending  on  the  drive  motor 
speed,  and  each  picture  is  composed 
of  approximately  225  vertical  scan 
lines.  The  range  markers  are  gener¬ 
ated  by  momentary  intensity  modu¬ 
lation  of  the  tube  at  1000-yard  in¬ 
tervals  during  each  range-sweep. 
Azimuth  markers  are  generated  by 
intensifying  the  tube  during  an  en¬ 
tire  range  sweep.  The  range  sweeps 
begin  at  the  bottom  of  the  scope,  at 
a  range  corresponding  to  the  track¬ 
ing  unit  dial-reading  minus  1000 
yards.  The  center  of  the  scope  repre¬ 
sents  the  dial  readings  of  both  the 
azimuth  and  the  range  tracking  unit. 
Since  the  azimuth  sweep  starts  at  the 
left  of  the  vertical  centerline  of  the 
tube,  the  first  range  sweep  for  each 
picture  is  at  the  left  of  this  center 
line,  the  next  range  sweep  a  little  to 
the  right  of  the  first,  etc.  One  range 
sweep  is  generated  for  each  trans¬ 
mitted  pulse. 

The  horizontal  displacement  of  any 
range  sweep  depends  on  the  displace¬ 
ment  of  the  antenna  beam  at  the 
moment  the  corresponding  pulse  is 


FIG.  7 — ^Block  diagram  and  simplified  schematic  of  range  delay  circuit 
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FIG.  8 — Block  diagram  oi  ppi  system.  The  deflection  yoke  is  rotat  ed  mechanically  about  the  neck  of  the  ccrthode-roy  tube,  while 

intensity  modulation  imposes  echo  signals  and  range  markers 


transmitted.  Maximum  horizontal 
displacement  is  equivalent  to  10  deg 
across  the  tube  face,  since  this  is  the 
extent  of  the  electrical  scan  as  deter¬ 
mined  by  the  optics  of  the  antenna. 
A  tracking  motion  of  the  whole  an¬ 
tenna  assembly  may  take  place  inde¬ 
pendently  of  the  antenna  scan  so 
that  the  10  deg  B-scope  area  may  be 
moved  in  azimuth  to  follow  a  target. 

To  obtain  an  approximately  dis¬ 
tortionless  map  of  the  B-scope  area, 
the  horizontal  and  vertical  scale  fac¬ 
tors  are  made  equal  to  400  yards  per 
inch  of  scope  face.  This  means  that 
as  the  2000-yard  by  10-deg  B-scope 
area  is  moved  out  in  range,  the  hori¬ 
zontal  linear  distance  across  the  tube 
face  which  represents  10  deg  in  azi¬ 
muth  must  be  expanded,  since  a 
chord  subtended  by  a  10-deg  central 
angle  becomes  longer  as  the  radius  is 
increased.  Since  the  useful  length  of 
tube  face  is  5  inches,  the  full  10  deg 
in  azimuth  cannot  be  presented  on 
expanded  operation  at  ranges  in  ex¬ 
cess  of  12000  yards.  It  is  possible  to 
switch  to  normal  B-presentation,  in 
which  10  deg  of  azimuth  just  covers 
the  tube  face  regardless  of  the  range 


of  the  B-scope  area.  This  type  of 
operation  is  very  useful  when  track¬ 
ing  close-in  targets,  since,  on  the 
“expanded’*  scope,  the  azimuth  pres¬ 
entation  would  steadily  approach 
zero  width  as  the  tracking  unit  dial 
reading  approached  zero  yards.  For 
close-in  targets  the  normal  scope  aids 
considerably  in  identifying  impor¬ 
tant  features  of  vessels  such  as  su¬ 


perstructure,  fore  and  aft  decks,  etc. 

A  separate  video  channel  capable 
of  passing  pulses  having  a  rise  time 
of  less  than  0.05  microsecond  is  pro¬ 
vided  in  the  B-scope  circuits.  Range 
and  azimuth  markers  are  mixed  with 
echo  signals  in  the  early  stages  of 
the  video  channel  and  the  limiting 
action  is  performed  by  the  last  stage. 
This  arrangement  prevents  blooming 
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of  the  scope  when  markers  cross  or  slotted  portions  of  the  discs  are  in  azimuth-mark  generating  circuits 

when  targets  fall  on  markers.  The  the  proper  position.  The  azimuth  are  triggered  each  time  one  of  these 

indicator  tube  cathode  receives  the  mark  disc  has  three  slots  cut  in  it.  slots  is  in  front  of  the  light  source, 

negative  mixed  marker  and  signal  The  object  is  to  have  the  center  slot  and  synchronization  between  the  po- 
voltages.  Horizontal  and  vertical  in  front  of  the  light  source  when  one  sition  of  the  slots  and  the  displace- 
blanking  information  is  applied  to  of  the  antenna  feed  arms  is  at  the  ment  of  the  beam  is  effected  mechan- 
the  control  grid  through  a  gated  am-  center  of  the  horn  throat  and  to  have  ically  through  a  gear  train, 
plifier.  The  horizontal  and  vertical  one  of  the  other  slots  in  front  of  the  The  azimuth  sweep  is  generated 
sweeps  are  applied  to  the  common  light  source  when  the  feed  arm  is  8  by  a  circuit  employing  a  variable 
magnetic  deflection  yoke.  Details  of  deg  to  either  side  of  the  horn-throat  capacitor  the  shaft  of  which  is  also 
the  indicator  circuits  are  shown  in  center.  Since  the  feed-arm  displace-  geared  to  the  rotating  feed  drive. 
Fig.  10.  ment  bears  a  ratio  of  8:1  to  the  an-  This  capacitor  modulates  the  output 

The  rotating  feed  drive,  in  addi-  tenna-beam  displacement,  1-deg  azi-  of  a  1-mc  oscillator  and  the  resulting 
tion  to  operating  the  antenna  scan  muth  marks  can  be  generated  by  this  waveform  is  rectified  to  produce  a 
mechanism,  also  drives  the  azimuth  arrangement.  This  8:1  ratio,  to-  linear  azimuth  sweep  voltage,  the 
blanking  disc  and  azimuth  mark  disc  gether  with  the  fact  that  the  discs  amplitude  of  which  is  proportional  to 
as  shown  in  Fig.  11.  Both  discs  are  are  geared  to  rotate  four  times  as  the  displacement  of  the  antenna 
interposed  between  a  phototube  and  fast  as  the  feed-arm  unit,  necessi-  beam.  See  Fig.  12. 
a  source  of  light  so  that  the  photo-  tates  a  spacing  of  32  deg  between  During  the  azimuth-sweep  fly-back 
tube  receives  light  only  when  the  slots  in  the  azimuth  mark  disc.  The  interval,  the  B-scope  must  be  blanked 
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Electrodynamic 


DIRECT-INKING  PEN 


By  H.  B.  SHAPER 


Head  o]  Acouhiic  and  Instrument  Engineering 
The  Brush  Development  Company 
Cleveland,  Ohio 


Single  direct-inking  pen  unit  employ¬ 
ing  the  design  features  described  in 
this  article 


Six-channel  recorder  employing  the  new 
pen  units,  all  energized  here  with 
identical  voltages  for  demonstration 
purposes 


The  moving-coil  pen  to  be  dis¬ 
cussed  gives  high-speed  rec¬ 
ords  of  transients  directly  inked  on 
a  moving  paper  chart.  The  final 
pen  design  will  write  with  good 
fidelity  from  d-c  up  to  more  than 
100  cps,  as  indicated  by  the  fre¬ 
quency  response  curve  in  Fig.  1. 
It  is  compact  enough  to  permit 
placing  several  units  side  by  side 
with  1.76-inch  spacing  so  that 
multichannel  recorders  can  easily 
be  constructed. 

Design  Criterions 

The  design  goals  for  producing 
a  practical  recorder  that  combines 
the  ultimate  in  speed,  accuracy,  and 
sensitivity  are: 

(1)  High  speed  for  wide  fre¬ 
quency  response. 

(2)  Linear  phase  shift  for  good 
reproduction  of  wave  shapes. 

(3)  Critical  damping  (no  over¬ 
shoot)  for  sudden  changes  in  wave 
shape. 

(4)  Optimum  housing  dimen¬ 
sions  for  multichannel  use. 

(5)  High  sensitivity. 


(6)  Light  weight. 

At  first  glance,  it  would  appear 
that  a  mirror  galvanometer  re¬ 
cording  on  film  would  satisfy  the 
above  requirements;  and  it  does. 
However,  it  is  frequently  neces¬ 
sary  to  observe  phenomena  at  the 
time  of  occurrence.  With  the  added 
disadvantage  of  film  processing, 
the  light  beam  on  film  is  barred 
from  use  in  a  great  many  applica¬ 
tions. 

It  is  often  necessary  to  record 
continuous  records  for  long  periods 
of  time.  This  also  would  bar  the 
use  of  film  unless  complex  auto¬ 
matic  film  development  schemes  are 
used. 

For  the  immediate  reproduction 
of  signals,  we  are  then  committed 
to  the  direct  recorder.  Direct  re¬ 
cording  can  be  done  in  any  one  of 
three  ways:  (1)  direct  inking;  (2) 
wax  paper;  (3)  chemical  paper. 
All  three  methods  are  usable,  but 
for  simplicity,  permanence,  and 
low  cost,  the  direct-inking  scheme 
still  appears  as  the  most  feasible, 
'  Lightweight  recorders  can  be 


built  using  electromagnetic  driving 
means.  In  this  case,  the  flux  in  the 
air  gap  is  varied  and  the  force  is 
developed  between  the  iron  vane 
and  the  pole  pieces.  For  good  lin¬ 
earity,  however,  only  small  angu¬ 
lar  rotations  can  be  obtained  and 
lever  step-up  systems  are  required. 
The  coupling  between  the  electrical 
and  mechanical  side  in  these  sys¬ 
tems  is  usually  so  small  that  me¬ 
chanical  damping  must  be  used. 
The  dual  drawbacks  of  using  the 
lever  and  mechanical  damping  have 
proved  to  be  a  strong  obstacle  in 
the  practical  design  of  electromag¬ 
netic  direct-inking  pens. 

Choice  of  Drive  for  Pen 

The  dynamic  drive,  i.e.,  a  moving 
coil  in  a  uniform  magnetic  field, 
appears  to  be  a  more  suitable  ap¬ 
proach.  With  high  flux  density  in 
the  field,  it  has  been  possible  to 
design  the  pen  so  that  no  mechan¬ 
ical  damping  is  required  and  good 
linearity  with  good  transient  re¬ 
sponse  is  obtained. 

Use  of  a  doubly  resonant  system 
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pen  and  amplifier 


Mathematical  analysis,  choice  of  drive,  constructional  details,  and  performance  curves  of  a 
high-speed  unit  capable  of  inking  wave  forms'of  transients  directly  on  a  moving  paper  chart. 

Response  is  essentially  flat  from  zero  up  to  100  cps 


riG.  1 — Frequency  response  of  hiqh-speed  direcl-inkinq 
electronics  — l4orc*  1946 


V  =  velocity  of  coil  along  circum¬ 
ference  of  pivoted  coil  (meters 
per  sec) 

This  equation  defines  the  rela¬ 
tionship  whereby  the  voltage  must 
equal  the  iR  drop  plus  the  back 
emf  (Blv)  of  the  moving  coil. 

On  the  mechanical  side,  the  gen¬ 
erated  force  due  to  the  current  i 
must  equal  the  mechanical  react¬ 
ance  multiplied  by  the  velocity,  or 
Bli  =  Z„v  (2) 

where  Zm  =  mechanical  impedance  of  coil, 
pen,  and  wire. 

These  two  equations,  for  a  given 
set  of  parameters,  define  the  com¬ 
plex  current  in  the  coil  and  its 
complex  velocity  when  a  voltage  is 
applied  at  the  terminals  of  the  coil. 
The  frictional  resistance  at  the  pen 
tip  is  small,  hence 

Zm  —  (Afi  Mi)  -}-  1  (3) 

where  Mt  =  Mi  -I-  Af.  =  effective  mass  of 
pen  and  coil  at 
circumference  of 
coil  (kilograms) 

Cl  =  compliance  of  wire  suspenaon 
in  meters  per  newton  (1  new¬ 
ton  =  10*  djTies) 

Substituting  Eq.  3  in  Eq.  2, 

=  (4) 

Eliminating  i  from  Eq.  1  and  4  and 


FIG.  2 — ^Final  dosign  of  wriUnq  p«n 
and  moTinq  coil 


Construction  of  Pen 


In  order  to  obtain  optimum  re¬ 
sults,  the  writing  pen  obviously 
should  be  as  long  and  lightweight 
as  possible,  with  sufficient  rigidity 
to  produce  linear  deflections  at  the 
highest  accelerations  required.  The 
pen  used  in  this  unit,  shown  in  Fig. 
2,  is  designed  for  the  best  compro¬ 
mise  between  light  weight  and  stiff¬ 
ness.  It  is  this  pen  that  determines 
the  parameters  of  the  system. 

A  given  force  is  required  to  drive 
the  pen  at  a  given  amplitude  at  a 
given  frequency.  By  way  of  ex¬ 
ample,  suppose  it  is  necessary  to 
reproduce  a  sine  wave  at  100  cps 
with  a  peak  amplitude  of  0.5  inch. 
The  acceleration  at  the  pen  tip 
then  is  (2ic/)*  A  =  4x*  X  10*  X  0.5 
X  1/12  =  16,500  ft  per  sec®,  or 
approximately  510  G’s. 

The  strength  of  the  pen  is  thus 
a  limiting  factor  for  the  reproduc¬ 
tion  of  the  high  frequencies.  It  is 
this  pen,  then,  which  limited  the 


goal  of  the  present  design  to  ap¬ 
proximately  100  cps. 


Singly  Resonant  System 


Let  us  examine  a  simple  system 
in  order  to  estimate  properly  the 
limiting  parameters.  Assume  that 
the  pen  is  rigidly  clamped  to  the 
moving  coil  (C*  in  Fig.  2  has  zero 
compliance)  and  the  whole  system 
is  suspended  in  the  magnetic  field 
on  a  straight  length  of  music  wire 
Cl.  The  equations  of  motion  can 
be  derived  for  this  system. 

Although  all  the  motions  are  ro¬ 
tary  around  a  pivot,  the  equations 
will  be  written  with  all  the  forces 
and  impedances  acting  at  the  ra¬ 
dius  of  the  coil,  0.3  inches  from  the 
pivot.  Thus,  the  equation  will  be 
written  to  represent  the  pen  A/*  as 
if  all  its  mass  were  acting  at  the 
rotary  circumference  of  the  driving 
coil. 

If  a  voltage  E  from  a  zero-im¬ 
pedance  source  is  placed  across  the 
electrical  terminals  of  the  coil  in 
the  magnetic  field,  then  in  the 
steady  state  case 

E  =  Ri-\-  Blr  (1) 

where  R  =  electrical  resistance  of  coil 
(ohms) 

I  =  current  (amperes) 

B  =  flux  density  of  gap  (webers) 

I  =  effective  length  of  coiled  wire 
(meters) 


allows  extension  of  the  high-fre¬ 
quency  range.  An  analysis  will  first 
be  made  of  a  simple  resonant  sys¬ 
tem,  followed  by  the  calculations  of 
the  more  complex  system,  with  a 
comparison  of  the  theoretically 
computed  response  and  the  one  ac¬ 
tually  obtained. 
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FIG.  3 — Calculated  response  of  the  singly  resonant  system 
for  constant  mechanical  impedance  and  Tarying  flux  density 


FIG.  4 — ^Effect  of  Tarying  mechanical  impedances  on  sensi- 
tirity  for  a  constant  flux  density  of  0.6  weber 


solving  for  the  velocity  of  the  coil 
gives 

^ _ E_m _ 

Because  v  =  dA/dt,  where  A  is 
the  displacement,  then  v  =  jiaA  for 
sinusoidal  motions,  or 

A  -  - - - \ 

\^+i<^RM,+ wB’-Pj  ‘ 

Thus,  the  amplitude  of  motion  is 
described  as  a  function  of  the  par¬ 
ameters  of  the  system. 

Figure  3  shows  the  predicted 
performance  when  3/„  Ci,  £*,  and  I 
are  kept  constant  and  only  the  flux 
density  B  is  varied. 

At  low  frequencies  (to  approaches 
0),  Eq.  6  becomes 

E  C,BI;r  (7) 

Sensitivity  at  low  frequencies  is 
thus  proportional  to  flux  density  B 
and  compliance  Ci,  and  is  flat  with 
frequency  down  to  zero  or  d-c. 
This  is  clearly  shown  in  Fig.  3. 

At  the  mechanical  resonance  of 
the  system,  (to®  =  l/3f,C,),  Eq.  6 
simplifies  to 

A  =  -  jE  wBl  (8) 

Thus,  the  amplitude  at  resonance 
is  determined  solely  by  the  fre¬ 
quency  and  the  flux  density.  There¬ 
fore,  if  the  mechanical  resonant 
frequency  is  kept  constant,  the  am¬ 
plitude  at  resonance  is  actually  in¬ 
versely  proportional  to  the  flux 
density.  In  the  curves  drawn  in 
Fig.  3,  the  mechanical  resonance 
occurs  at  38  cycles.  Note  that  for 
the  higher  flux  density  the  ampli¬ 
tude  of  response  is  actually  de¬ 
creased. 

This  limiting  effect  of  the  locus 
line  defined  by  Eq.  8  is  demon¬ 


strated  in  Fig.  4.  The  mechanical 
impedances  are  varied  but  the  flux 
density  is  kept  constant  at  0.6 
weber  (1  weber  =  10*  gauss). 
Curve  A,  obtained  for  pen  motion 
when  M,  and  Ci  are  kept  at  the 
normal  values,  is  tangent  to  the 
slope  line  at  38  cps.  Curve  B  is 
obtained  by  arbitrarily  cutting  the 
value  of  M,  in  half.  The  resonant 
frequency  is  now  53  cps  but  the 
curve  is  still  tangent  to  the  slope 
line.  Curve  C  is  obtained  by 
doubling  the  mass  M,.  Resonance 
now  occurs  at  27  cps,  but  is  again 
limited  by  the  slope  line.  Curve  D 
is  for  M,  doubled  and  Ci  cut  to 
one-fourtn  its  normal  value.  The 
four  curves  thus  show  that  despite 
violent  changes  in  mechanical  im¬ 
pedances,  the  amplitude  at  res¬ 
onance  is  always  limited  by  the 
locus  line.  This  is  logical  because 
at  resonance  the  mechanical  im¬ 
pedance  approaches  zero,  and  it  is 
only  this  flux  density  which  can 
limit  the  motion  by  its  generated 
back  emf. 

DoHbly  Resonant  Systom 

It  can  be  seen  from  Fig.  3  that 
a  decrease  in  flux  density  allows 
an  extension  of  the  flat  frequency 
response  at  the  expense  of  obtain¬ 
ing  an  underdamped  system.  It  is 
possible  to  break  across  this  locus 
line  boundary  by  using  a  doubly 
resonant  system.  The  compliance 
Ct  is  inserted  between  the  pen  M, 
and  the  coil  Mi,  as  shown  in  Fig.  2. 
The  equations  of  motion  now 
become 

E  =  Ri  ”1*  Blvi  -f"  (0)t>j  (9) 

0  =  —  Bli  -f  ^juMt  -f  ~  juMivi 

'  (10) 


0  —  (0)i  —  juMzVi  +  ^  juMt  -j-  ^ 

*(11) 

where  Vi  =  circumferential  velocity  of  coil 
Vi  =  velocity  of  pen  referred  to  coil 
radius 

Equation  9  is  the  same  as  Eq.  1 
and  is  derived  in  the  same  manner. 
Equation  10  states  that  the  force 
generated  in  the  coil,  Bli,  must 
equal  the  mechanical  force  required 
by  the  moving  coil  plus  the  force 
required  to  move  the  pen  M..  The 
pen  velocity  Vj,  depending  on  its 
phase,  will  either  add  to  or  sub¬ 
tract  from  the  mechanical  force. 
Equation  11  defines  the  mechanical 
equilibrium  conditions  if  no  cur¬ 
rent  flowed  in  the  coil.  The  two 
masses  at  their  respective  relative 
velocities  must  be  in  balance. 

Solving  for  v.,  which  is  the 
velocity  of  the  pen  and  of  main 
interest,  and  resolving  r*  to  A:, 
the  amplitude  of  the  pen  is 

_ -  jE  Bl _ 

[jRc^  (M,  -h  Mi)  +  ^1  (1  -  u,^.V,Cs) 


-1-  uB^P  (1  -  C0*M,C,)  +  j  (12) 

At  low  frequencies  (a>  approaches 
0),  Eq.  12  yields 

Ai=  E  BlCx/R  (13) 

Thus,  there  is  no  change  in  low- 
frequency  .amplitude  sensitivity. 

At  the  resonant  frequency  be¬ 
tween  Ct  and  Ml  -f  Mj  =  M„ 

A  _ _ —  jEBl _ _ 

*  i^B^P  {I  -  utmiCi)  +  jRuj^Mi^Ci  ^ 

Here  it  is  seen  that  the  response 
can  break  across  the  boundary  line 
of  the  flux  locus.  In  the  denomina¬ 
tor,  the  parameters  M,  and  C«  can 
be  adjusted  independently  so  that 
the  amplitude  at  resonance  is  es¬ 
sentially  the  same  as  that  for  the 
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low  frequency.  This  gives  an  ex¬ 
tension  of  the  flatness  of  response. 

At  the  resonant  frequency  of  Ms 
and  Ct  (where  1  —  =  0), 

^  -EBl 
Ru}*M^s 

Since  u*  =  1/ 

Ai  =  -  EBlCi/R  (16) 

By  selecting  Ms  and  C*  in  correct 
proportions,  a  system  can  be  de¬ 
signed  to  give  the  most  desirable 
response. 

For  the  actual  design  of  the  mov¬ 
ing-coil  pen,  the  following  values 
(arbitrarily  referred  to  0.3-inch 
radius)  were  selected: 

M\  =  2.25  grams  =  0.00225  kg 

Afi  *a  2.25  grams  =  0.00225  kg 

Cl  =  4  X  10“*  cm/dyne  =  4  X  10~* 
meters/ newton 

Cj  =  1.5  X  10^  cm /dyne  =  1.5  X  10~* 
meters/newton 

B  =  6000  gauss  =  0.6  weber 

I  =  10.700  cm  =  107  meters 

R  =  1,450  ohms  =  1,450  ohms 

When  the  mks  values  (right-hand 
column)  are  inserted  in  Eq.  12,  the 
frequency  response  shown  in  Fig.  5 
is  obtained.  The  theoretical  curve 
is  in  excellent  agreement  with  the 
actual  curve  obtained. 

Note  that  the  response  at  100  cps 
is  not  brought  to  the  full  sensitivity 
of  the  low  frequencies.  The  rea¬ 
sons  for  designing  the  pen  motor 
this  way  are  threefold: 

(1)  A  careful  examination  of 
Eq.  12  and  a  few  trial  calculations 
show  that  as  C*  is  made  softer  and 
the  amplitude  of  the  second  reso¬ 
nance  (90  cycles)  is  brought  up, 
the  amplitude  at  the  first  resonance 
is  increased  in  accordance  with  Eq. 
14.  This  can  be  carried  to  the  point 
where  an  undesirable  peak  in  the 
displacement  occurs  at  the  first 
resonance. 

(2)  By  requiring  amplifier  com¬ 
pensation  at  high  frequencies,  it  is 
possible  to  limit  the  voltages  ap¬ 
plied  at  high  frequencies  to  such 


values  that  no  pen  breakage  occurs. 
Thus  the  amplitudes  and  conse¬ 
quent  accelerations  of  the  pen  are 
limited  to  safe  values  by  the  auto¬ 
matic  overload  of  the  amplifier  at 
high  frequencies. 

(3)  The  values  selected  yield  a 
more  linear  relation  between  phase 
shift  and  frequency.  This  is  an 
important  consideration  for  repro¬ 
duction  of  transient  wave  shapes. 

Power  Roqoiromonts 

The  power  requirement  is  low. 
Thus,  for  2-inch  peak-to-peak  dis¬ 
placement  at  the  pen  tip,  the  volt¬ 
age  required  at  low  frequencies  is, 
from  Eq.  7 

E  =  AsR/BlCi  (17) 

Remembering  that  2  inches  (for  a 
3-inch  pen)  reflected  at  the  coil  is 
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FIG.  5 — Comparison  oi  calculated  and 
actual  frequency  response  of  the  doubly 
resonant  system 


FIG.  6 — Variation  oi  phase  shift  with 
frequency  for  ringly  and  doubly 
resonant  systems 


0.2-inch  displacement  and  convert¬ 
ing  to  mks  units 

(0.2/ 2.8)  X  0.025  X  1,450  _ 

^  “  0.6  X  107  X  4  X  10  * 

14.5  volts  rms 

Power  =  (£*/«)  =  (14.5*/ 1450)  =  0.145 
watt 

Troatieat  Respease 

For  reproduction  of  transients, 
it  is  necessary  to  have  linear  phase 
shift  and  critical  damping  at  cut¬ 
off  in  addition  to  flat  frequency 
response.  Figure  6  shows  the  vari¬ 
ation  of  phase  shift  with  frequency 
for  four  of  the  singly  resonant 
systems  and  for  the  finally  designed 
doubly  resonant  system. 

The  singly  resonant  systems  are 
severely  limited  in  phase  shift  lin¬ 
earity  to  about  50  cps.  An  opti¬ 
mum  flux  density  for  linear  phase 
shift  for  the  singly  resonant  system 
occurs  for  curve  C,  for  which  B  is 
0.4  weber. 

Curve  E  is  the  phase  shift  for 
the  doubly  resonant  system  with 
the  design  values  as  given  above. 
Here  the  improvement  in  linearity 
of  phase  shift  is  marked  and  ex¬ 
tends  up  to  150  cps.  The  S-shaped 
curve  indicates  a  slightly  over¬ 
damped  condition.  This  selection 
is  made  to  correct  for  the  internal 
impedance  of  the  driving  amplifier. 
In  Eq.  12,  R  is  defined  as  the  re¬ 
sistance  of  the  coil.  Actually  the 
value  of  R  should  be  increased  to 
include  the  resistance  component  of 
the  internal  impedance  of  the  am¬ 
plifier.  This  effectively  results  in 
a  decrease  of  the  damping  effect  of 
the  flux. 

In  actual  practice  it  was  found 
that  the  amplifier  could  have  an  in¬ 
ternal  impedance  of  250  ohms  (com¬ 
pared  with  1,450  ohms  for  the  coil) 
without  materially  affecting  the 
critical  damping  and  linear  phase 
shift  requirement.  Figure  7  shows 
the  performance  of  the  pen  when 
square-wave  signals  are  applied. 
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FIG.  1— Parts  comprising  the  fuel-flow  indicator  and  integrator.  (A)  The  mechanical  flow-valTe  with 
position  transmitter  at  lefL  (B)  Shock-mounted  chassis  containing  vacuum  tubes  and  other  electronic 
components.  (C)  Interior  of  indicator-integrator  instrument,  showing  one  of  the  small  motors  and  the 
precision  potentiometer.  (D)  Aircraft-type  indicator  shows  fuel  flow  up  to  2.000  pounds  per  hour  in  easily 
read  increments  of  ten  pounds.  Total  consumed  is  displayed  on  the  inset  counter  mechanism 


Accurate  measurement  of  fuel 
consumption  on  large  aircraft 
is  important  because  of  the  great 
amount  used.  Small  percentage  er¬ 
rors  mean  substantial  losses  in  pay 
load.  For  military  operations,  it  is 
desirable  to  integrate  over  the  pe¬ 
riod  of  flight  the  amount  of  fuel 
consumed  so  that  the  remainder 
may  be  accurately  estimated  from 
a  knowledge  of  the  initial  amount 
before  takeoff,  neglecting  leakage. 

The  instrument  parts  shown  in 
Fig.  1  comprise  an  electronic  fuel- 
flow  meter  and  integrator  designed 
for  the  Air  Forces  to  fill  a  vital  need 
in  the  B-29  program.  The  instru¬ 
ment  consists  of  a  transmitter  (A) 
which  measures  the  flow  of  fuel 
and  converts  this  into  a  mechan¬ 
ical  position,  an  indicator  (C  and  D) 
which  remotely  displays  this  me¬ 
chanical  position  in  a  manner  most 
convenient  to  the  pilot,  and  an  in¬ 
tegrator,  which  is  also  a  part  of  the 
indicator,  to  sum  up  the  amount  of 


fuel  consumed.  An  electronic  chas¬ 
sis  (B)  contains  the  necessary 
tubes  and  other  remaining  compo¬ 
nents. 

N*c*ssity  for  aa  Eloctronic  System 

The  accuracy  of  position  trans¬ 
mission  must  be  at  least  two  per¬ 
cent  of  the  actual  position  at  one- 
tenth  of  the  maximum  motion.  In 
the  instrument,  the  maximum  me¬ 
chanical  motion  corresponds  to  a 
fuel  flow  of  two  thousand  pounds 
per  hour.  The  requirements,  then, 
call  for  an  accuracy  of  forty  pounds 
an  hour  at  full  scale  (two  thousand 
pounds),  and  an  accuracy  of  four 
pounds  at  two  hundred  pounds  per 
hour,  or  one- tenth  of  full  scale.  As 
no  mechanical  or  electrical  position- 
transmission  system  was  knowm 
which  possessed  these  requirements, 
an  electronically  powered  servo  was 
utilized. 

The  mechanical  motion  of  the 
fuel-flow  transmitter  is  used  to  oper¬ 


ate  an  inductance  element  of  a  re¬ 
sistance-balanced  inductance  bridge. 
The  electrical  output  of  the  bridge 
excites  an  electronic  amplifier  which 
supplies  power  to  a  small  two-phase 
induction  motor  which  balances  the 
bridge  by  varying  the  resistance 
elements.  The  indicating  hands  are 
geared  to  this  resistance  element, 
the  position  of  which  is  a  function 
of  the  inductance  position,  and 
therefore  of  the  flow  of  fuel  through 
the  transmitter.  The  use  of  elec¬ 
tronic  means  here  provided  satis¬ 
factory  sensitivities. 

100‘Cps  Tim*  Standard  for  Integration 

A  constant-speed  time  standard 
was  necessary,  however,  to  drive 
this  mechanical  integrator.  Here 
the  accuracy  requirement  was  again 
rather  stringent,  the  time  base  hav¬ 
ing  to  be  true  within  at  least  one 
percent.  The  size  of  the  indicator 
precluded  the  use  of  any  type  of 
mechanical  governor  known,  so  once 
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FUEL  CONSUMPTION 


Electronic  servo  transmits  the  position  of  an  aircraft  fuel-flow  valve  to  a  remote  indicator. 
A  mechanical  integrator  combines  this  information  with  impulses  from  a  100-cps  time 
standard  to  totalize  the  liquid  flow.  Device  is  applicable  to  industrial  telemetering  problems 
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again  electronics  was  called  to  the 
rescue. 

A  stabilized  one-hundred-cycle 
oscillator  is  employed  to  power  a 
small  synchronous  motor  which  in 
turn  acts  as  the  constant  speed 
drive  for  the  mechanical  integrator. 
This  oscillator  is  easily  maintained 
within  one  percent  throughout  the 
normal  aircraft  temperature  varia¬ 
tions,  and  has  proved  to  be  most  sat¬ 
isfactory  as  a  solution  to  this  prob¬ 
lem. 

Mtchonical  Device  Operates  Counter 

Figure  1C  shows  the  interior  of 
the  indicator,  including  one  of  the 
tw’o  motors  which  drive  the  poten¬ 
tiometer  used  to  balance  the  induc¬ 
tance  bridge  and  the  integrator. 

The  mechanical  integrator  is  in 
the  space  just  to  the  rear  of  the 
dial  and  is  the  conventional  picker 
type  which  is  easy  to  manufacture 
and  keep  in  operation.  In  this  type 
of  integrator  a  ratchet  pawl  is 
driven  at  constant  speed  by  the  syn¬ 
chronous  motor  around  a  ratchet 
wheel  which  has  a  suitable  number 
of  teeth  for  the  accuracy  required. 
The  number  of  teeth  that  the  pawd 
picks  up  on  each  rotation  is  a  func¬ 
tion  of  the  fuel  flow,  so  that  the 
resulting  rotation  of  the  ratchet 
wheel  may  be  geared  to  a  suitable 
counter  to  indicate  the  total  fuel 
consumed.  This  counter  may  be  seen 
on  the  dial  of  the  indicator  in 
Fig.  ID. 


from  temperature  changes.  The 
bridge  shown  is  used  because  it  per¬ 
mits  three-wire  connection  to  the 
transmitter  mounted  on  the  en¬ 
gines.  It  also  uses  as  the  balancing 
element  a  precision  potentiometer 
which  can  be  wound  to  any  desired 
curve  to  provide  the  exactly  linear 
scale  which  is  required  when  a 
sweep  pointer  and  integrator  are 
used. 

The  calibration  accuracy  of  this 
instrument  is  within  ten  pounds  of 
fuel  flow  per  hour  everywhere  on 
the  scale,  all  points  of  which  are 
wdthin  one  dial  graduation.  The 
totalizer  performs  well,  being  ad- 


Conveatioaol  Circaits  Intara  Acoracy 

Figure  2  is  a  schematic  circuit 
drawing  of  the  whole  system.  Spe¬ 
cial  care  is  taken  to  insure  that  the 
bridge  is  balanced  for  the  funda¬ 
mental  at  all  portions  of  the  scale 
to  insure  freedom  from  errors  due 
to  fundamental  phase  shifts  arising 


FIG.  2 — Schematic  circuit  diagram  of  the  electronic  components  and  their  connections  to 
the  servo  mechanisms.  The  100-cps  oscillator  and  amplifier  at  the  top  furnish  a  time 
standard  for  the  integrator.  Three  tubes  below  form  part  of  the  indicator  bridge  circuit. 
The  transmitter  is  mounted  on  the  aircraft  engine  and  the  indicator  convenient  to  the  pilot 


ELECTRONICS  —  March  1946 


justed  to  compensate  partially  for 
the  small  errors  of  the  meter  itself. 
Overall  errors  throughout  the  cruis¬ 
ing  range  are  thus  much  less  than 
one  percent. 


Commercial  Applications 


This  instrument  has  been  a  most 
interesting  development  because 
the  arts  of  mechanics,  hydraulics, 
electricity,  and  electronics  were  all 
brought  into  play.  It  is  a  typical 
application  of  electronic  techniques 
to  industrial  problems  and  indicates 
a  probable  trend  in  meeting  certain 
commercial  telemetering  require¬ 
ments. 


Supeiregenerative 


Experimental  determination  of  characteristics  of  a  superregenerative  detector  indicates  that 
selectivity  and  sensitivity  increase  and  noise  decreases  with  decreasing  quench  frequency. 

Selectivity  decreases  with  increasing  quench  amplitude 


FIG.  1 — Circuit  oi  superreqeneratiTe  ruceiver  upon  which  tests  were  made.  Dotted  capacitors  were  odded  later  to 
decrease  bandwidth  by  reducing  quench  amplitude  to  the  detector  tube 


This  paper  describes  an  experi¬ 
ment  dealing  with  the  effect  of 
some  circuit  parameters  on  the  selec¬ 
tivity  characteristic  of  a  superre¬ 
generative  detector.  Data  is  presented 
and  some  conclusions  discussed, 
along  with  a  brief  qualitative  expla¬ 
nation  of  the  reasons  underlying  the 
observed  phenomena. 

The  author  was  confronted  with 
the  problem  that  on  a  superregener¬ 
ative  receiver,  designed  and  placed 
in  production,  it  was  found  necessary 
to  tighten  the  selectivity  specifica¬ 
tion. 

Rocoivor  Circuit 

The  circuit  diagram  of  the  re¬ 
ceiver  is  shown  as  Fig.  1.  Compon¬ 
ents  essential  to  the  discussion  are 
shown  in  detail.  The  receiver  con¬ 
sisted  of  five  basic  parts:  (1)  selec¬ 
tive  antenna  transformer;  (2)  buffer 
amplifier  tube  for  reduction  of  re¬ 
radiation;  (3)  superregenerative  de¬ 
tector;  (4)  external  sinusoidal  quench 
oscillator;  (5)  audio  amplifier. 

The  oscillator  circuit  which  per¬ 
forms  the  superregenerative  func¬ 
tion  is  a  conventional  Hartley  oscil¬ 
lator,  with  the  tank  connected  be¬ 
tween  grid  and  plate  of  the  tube.  The 
frequency  of  operation  is  in  the  one 
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hundred  megacycle  range.  The  sinu¬ 
soidal  quench  voltage  is  impressed 
on  the  grid  of  the  detector  through 
a  large  resistance.  The  audio  output 
voltage  is  taken  from  the  grid  cir¬ 
cuit. 

Seluctivity  Meosurumunts 

Several  samples  of  the  production 
receiver  were  carefully  aligned  and 
the  selectivity  measured.  The  curve 
of  Fig.  2  labeled  Typical  Set  repre¬ 
sents  this  measured  selectivity.  The 
required  selectivity  dictated  by  the 
revised  specification,  and  the  selectiv¬ 
ity  obtained  as  a  result  of  this  inves¬ 
tigation  are  also  shown.  Study  of 
the  obtained  selectivity  curve  indi¬ 
cates  plenty  of  leeway  for  production 
variations. 

It  was  first  necessary  to  ascertain 
the  individual  contribution  of  each 
stage  to  the  total  selectivity  charac¬ 
teristic.  The  bandwidth  of  the  de¬ 
tector  alone  was  determined  in  the 
usual  manner.  A  standard  signal 
generator  was  connected  to  the  grid 
of  the  r-f  amplifier  and  the  changes 


in  frequency  required  to  restore 
standard  output  for  input  voltage 
ratios  of  2,  10,  100,  and  1000  times 
the  resonant  value  were  observed. 
Figure  3  shows  a  plot  of  the  overall 
selectivity  of  the  typical  set  as  shown 
on  Fig.  2.  The  selectivity  character¬ 
istic  of  the  detector  alone,  and  the 
bandwidth  of  the  antenna  trans¬ 
former  alone  are  also  shown.  The 
data  for  the  antenna  transformer 
curve  was  obtained  by  impressing  a 
signal  voltage,  whose  frequency  was 
varied,  across  the  antenna  terminals 
and  measuring  the  voltage  appear¬ 
ing  at  the  grid  of  the  r-f  buffer. 

With  this  selectivity  information, 
the  following  requirements  were 
recognized  as  essential  to  improving 
the  selectivity:  (1)  antenna  coil  se¬ 
lectivity  might  be  sharpened;  (2) 
leakage,  if  any,  around  the  antenna 
coil  could  be  reduced  to  obtain  full 
benefit  of  the  antenna  coil  selectiv¬ 
ity;  (3)  the  superregenerative  de¬ 
tector  selectivity  might  be  increased 
to  carry  the  entire  selectivity  specifi¬ 
cation  by  itself. 

Several  attempts  were  made  to 
sharpen  the  antenna  transformer  se¬ 
lectivity.  The  grid  tap  of  the  an¬ 
tenna  transformer  was  shifted  to  ob¬ 
tain  the  optimum  position,  higher-Q 
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coils  were  tried,  and  the  coupling  was 
altered.  Some  improvements  were 
realized  in  the  transformer  charac¬ 
teristic  but  the  overall  selectivity 
was  not  appreciably  changed. 

Experiment  indicated  definitely 
that  while  leakage  broadened  the  se¬ 
lectivity  curve  slightly  it  w'as  not  a 
controlling  factor. 

Detector  Selectivity 

Next,  factors  affecting  detector 
selectivity  were  studied.  The  design 
of  the  detector  transformer  was 
changed.  The  plate  coupling  coil  was 
moved  away  from  the  grid  winding. 
This  change  seemed  to  reduce  load¬ 
ing  on  the  grid  winding,  thereby  in¬ 
creasing  the  Q.  Selectivity  improved 
somewhat,  but  the  sensitivity  de¬ 
clined.  Oscillator  excitation  w’as  de¬ 
creased  by  changing  the  tap  on  the 
detector  coil.  This,  in  effect,  reduced 
the  negative  resistance,  resulting  in 
increased  Q.  The  selectivity  at  an 
input  voltage  ratio  of  100  w’as  3.0 
percent,  compared  w’ith  3.5  percent 
previously  observed.  Again,  how¬ 
ever,  sensitivity  w’as  decreased,  this 
time  by  a  factor  of  10. 

In  order  to  study  the  effects  of 
quench  frequency  and  quench  ampli¬ 
tude  upon  selectivity,  apparatus  was 
connected  as  indicated  in  the  block 
diagram  of  Fig.  4.  The  quench  fre¬ 
quency  W’as  varied  over  wide  limits 
for  several  values  of  quench  ampli¬ 
tude,  and  the  bandw’idth  of  the  de¬ 
tector  stage  alone  w’as  measured. 
The  results  are  show’n  in  Fig.  5A. 
These  curves  are  convincing  evidence 
that  selectivity  is  greatly  influenced 
by  both  quench  frequency  and  quench 
amplitude.  The  selectivity  may  be 
controlled  over  a  five  to  one  range  by 
these  parameters. 

Figure  5B  indicates  a  definite  re¬ 
duction  in  noise  output  as  quench 
frequency  is  low’ered.  The  usable 
sensitivity  is  much  improved,  and 
the  signal  to  noise  ratio,  under  these 
conditions,  is  higher.  Figure  5C 
shows  how  detector  sensitivity  de¬ 
pends  on  quench  frequency. 

Figure  6  is  a  plot  of  detector  band- 
^'  idth  versus  quench  amplitude.  The 
quench  frequency  was  60  kc.  The 


data  was  taken  at  both  ends  of  the 
carrier  frequency  band,  that  is  at  50 
and  at  100  me.  The  optimum  value  of 
quench  frequency  is  roughly  propor¬ 
tional  to  the  carrier  frequency. 
Bandwidth  was  measured  w^here  the 
required  input  signal  w’as  100  times 
that  at  resonance  for  the  same  signal 
output  in  all  bandw’idth  measure¬ 
ments. 

Study  of  the  various  curves  shows 
that  best  bandwidth  is  obtained  with 
about  a  50-kc  quench  frequency  and 
tw’o  to  three  volts  quench  amplitude. 

The  production  receiver  was  al¬ 
tered  to  accomplish  the  recommended 
changes.  The  original  receivers  used 
a  quench  frequency  of  150  kc  at  9.5 
volts  amplitude.  These  values  had 
been  chosen  because  the  sensitivity 


FIG.  2 — Mftouured  selectiTities  of  suporre- 
gonorotiTO  rocoiTor 


and  selectivity  were  least  affected  by 
small  changes  in  quench  constants. 
The  change  consisted  of  increasing 
the  size  of  the  quench  oscillator  tank 
capacitor,  inserting  an  iron  core  to 
increase  the  quench  oscillator  coil  in¬ 
ductance,  and  reducing  the  quench 
amplitude  by  using  a  capacitance  di¬ 
vider  across  the  tank. 

Effect  of  Strong  Signolt 

Further  tests  on  the  production  re¬ 
ceiver  indicated  that  detuning  oc¬ 
curred  when  the  input  voltage  w’as 
increased.  This  phenomenon  is  char¬ 
acteristic  of  oscillators  with  inter¬ 
mittent  or  pulsed  modulation.  When 
the  duty  cycle  of  the  modulating 
pulse  voltage  is  changed,  there  is  a 
corresponding  frequency  shift  in  the 


FIG.  3 — Circuit  contributions  to  recoiTor 
soloctiTity 


FIG.  4 — Basic  laboratory  circuit  usod  to  study  tho  offocts  on  suporroqoneratiTe 
dotoctor  of  quench  frequency  and  amplitude,  and  signal  strength 
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FIG.  5 — Quench  frequency  offecte  detector 
bandwidth  (A),  detector  noise  output  (B). 
and  detector  sensitirity  (C) 


oscillator.  This  shift,  in  effect,  re¬ 
duces  the  selectivity  as  measured  by 
the  interfering  signal  method.  The 
percentage  detuning  was  as  much  as 
1.25  percent  of  carrier  frequency  as 
the  input  was  increased  from  50  to 
20,000  microvolts,  meaning  that  a 
receiver  which  passed  a  static  selec¬ 
tivity  test  would  probably  fail  when 
given  a  dynamic  selectivity  test. 

A  simplified  equivalent  circuit  is 
shown  in  Fig.  7  along  with  some 
other  tabulated  data.  Several  sizes 
of  coupling  capacitor  were  installed 
in  order  to  study  the  effect  of  de¬ 
coupling  the  variable  resistance  pre¬ 
sented  by  the  oscillator  tube  from  the 
tank  circuit.  For  each  size  of  coup¬ 
ling  capacitor  indicated,  the  follow¬ 
ing  steps  were  taken. 

The  receiver  was  tuned  to  reso¬ 
nance  with  about  50  microvolts  in¬ 
put  and  the  carrier  frequency  for 
maximum  audio  output  observed. 
The  input  was  raised  to  20,000  micro¬ 
volts  and  the  audio  output  measured 
without  retuning.  The  first  colunm 
shows  the  capacitance  used.  The  sec¬ 
ond  column  shows  the  audio  output 
variation  versus  coupling  capacitor 


size  to  be  as  much  as  4.5  to  1.  The 
signal  generator  was  retuned  to 
obtain  maximum  audio  output  and 
again  the  audio  measured.  The  third 
column  shows  this  data.  Observe  that 
the  audio  output  was  nearly  doubled 
by  retuning. 

The  increment  of  frequency  re¬ 
quired  to  retune  was  recorded  in 
column  four.  The  detuning  varied 
from  0.43  percent  to  1.25  percent  de¬ 
pending  upon  the  size  of  the  capaci¬ 
tor.  The  bandwidth  was  measured 
for  each  size  of  capacitor ;  results  are 
tabulated  in  the  last  column.  The 
bandwidth  changed  almost  2  to  1. 
Our  conclusion  is  that  the  smaller 
the  capacitor,  the  lighter  the  load¬ 
ing,  and  thus  the  higher  the  Q  of  the 
tuned  circuit.  Values  of  capacitance 
smaller  than  10  fifif  resulted  in  oscil¬ 
lator  failure. 


Theory  of  Operation 


Precise,  quantitative  analysis  of 
superregeneration  is  a  risky  pro¬ 
cedure  because  of  the  difficulty  in 
completely  describing  the  phenom¬ 
enon.  The  contradictory  conclusions 
resulting  from  the  several  methods 
of  analysis  found  in  the  literature 
(see  bibliography)  reflect  this  diffi¬ 
culty.  The  brief  discussion  which 
follows  will,  therefore,  be  qualitative 
in  nature.  The  conclusions  reached 
were  deduced  from  the  experimental 
work  and  were  tested  on  the  same 
equipment.  Thus  the  conclusions  are 
valid  when  applied  to  similar  cir¬ 
cuits,  but  should  be  examined  care¬ 
fully  before  being  applied  to  other 
types  of  superregenerative  de¬ 
tectors. 

Refer  to  the  detector  circuit  in 
Fig.  1.  Assume  the  signal  voltage 
and  the  quench  voltage  to  be  discon¬ 
nected.  When  the  plate  potential  is 
turned  on,  oscillations  will  build  up 
exponentially.  The  equation  de¬ 
scribing  the  phenomenon  is  given  by 
Frink^  as 


where 


/o  = 


(1) 


h:  amplitude  of  the  oscillatory'current 
es'.  random  noise  amplitude  (signal  absent) 
or  signal  amplitude 
w«:  2t  X  resonant  frequency 
t\  time 

L:  inductance  in  tuned  circuits 
C:  capacitance  in  tuned  circuits 
R'.  total  effective  resistance  in  timed  circuits 
/8  =  ((1/LC)  -  {R/2Ly]^^ 


The  amplitude  of  the  oscillatory 


current  is  proportional  to  the  signal 
strength,  es.  In  the  initial  conditions 
just  postulated,  es  is  random  noise. 
The  rate  at  which  oscillations 
grow,  d/o/dt,  is  also  proportional  to 
ea\  thus 


^  es  gjK 
dt  2  L  d 


(2) 


In  the  case  of  growth,  R  is  negative. 
In  the  case  of  decay,  R  is  positive. 

These  equations  were  derived  as¬ 
suming  linear  elements.  The  oscil¬ 
lations  will  actually  reach  saturation 
at  a  time  somewhat  different  from 
that  indicated  by  the  equations,  be¬ 
cause  of  the  nonlinearity  of  the  de¬ 
tector  grid  circuit. 

Instead  of  turning  the  plate  volt¬ 
age  on  and  off,  the  grid  bias  can  be 
varied  periodically  to  produce  a  sim¬ 
ilar  effect.  In  this  case,  the  quench 
voltage  will  interrupt  the  oscilla¬ 
tions.  In  Fig.  8  there  is  shown  a  plot 
of  a  square  wave  of  quench  voltage. 
Square-wave  quench  voltage  is  used 
on  the  figure  for  the  sake  of  clarity. 
Immediately  below  this  plot  is  the 


FIG.  6 — Bandwidth  is  affected  by  quench 
amplitude 


growth  and  the  decay  envelope  of  the 
oscillations  for  zero  input  signal.  In 
this  case,  random  noise  triggers  the 
oscillations.  The  detector  output  will 
consist  of  noise,  the  characteristic 
hiss  usually  associated  with  the  su¬ 
perregenerative  detector.  Lower 
lines  indicate  the  growth,  with  sig¬ 
nal  introduced.  The  rate  of  rise  of 
the  oscillations  is  greater  the  larger 
the  incoming  signal.  The  shaded 
areas  indicate  the  contribution  of  the 
signal  amplitude  to  the  rise  time. 

The  voltage  appearing  across  the 
detector  grid  resistor,  which  consti¬ 
tutes  the  detector  output  to  the  audio 
amplifier,  depends  upon  the  average 
grid  current,  to,  and  is  proportional 
to  the  area  under  the  lower  curves  of 
Fig.  8.  In  addition 
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ia-K  (21 /R)  log,  (esi/em)  (3J 

where  io :  change  in  detector  current, 
K:  constant  for  detector,  em/es,:  ap¬ 
plied  signal  voltage  ratio. 

The  change  in  detector  current 
varies  as  the  logarithm  of  the 
applied  signal  ratio,  which  accounts 
for  the  desirable  limiting  action 
on  strong  signals  and  the  compara¬ 
tive  freedom  from  noise  inter¬ 
ference.  If  the  superregenerative 
detector  is  to  be  operated  on  strong 
signals,  the  use  of  high  transmitter 
modulation  percentages  is  recom¬ 
mended.  Equation  3  predicts  that 
the  output  from  the  detector  will 
drop  as  signal  input  is  increased 
when  low  modulation  levels  are  em¬ 
ployed.  Kalmus®  has  used  the  super- 
regenerative  detector  in  f-m  receiv¬ 
ers  to  obtain  both  amplification  and 
limiting  action. 

The  sensitivity  of  the  superregen¬ 
erative  detector  is  a  function  of  the 
ia  of  Eq.  3.  The  sensitivity  obtain¬ 
able  at  high  frequencies  is  consider¬ 
ably  greater  and  could  be  obtained 
by  other  comparatively  simple  means. 
Noise  muting  sensitivities  of  10  to 
20  microvolts  were  realized  with  the 
receiver  shown. 


frequency  and  quench  amplitude  are 
the  parameters  which  have  consider¬ 
able  effect  on  selectivity  and  are  the 
easiest  to  control.  Some  changes  in 
sensitivity  occur  simultaneously  and 
are  sometimes  difficult  to  predict,  as 
was  illustrated  in  Fig.  5C.  However, 
it  is  possible  in  most  instances  to 
arrive  at  a  compromise  which  will 
result  in  good  selectivity,  sensitivity, 
and  signal  to  noise  ratio. 

The  most  important  factor  in  de¬ 
termining  the  quench  magnitude  and 
frequency  is  the  decrement  of  the 
tuned  circuit.  The  oscillations  should 
have  time  to  decay  to  below  the  level 
of  the  weakest  signal  to  be  detected. 

If  this  is  not  done,  a  coherent  state 
of  oscillation  results,  in  which  the 

oscillations  are  continuous  and  do  FIG.  8— Strength  of  the  signal  determines 
not  decay  completely.  Consequently,  'oie  at  which  detector  oscillations  grow 

the  oscillator  will  beat  with  the  in¬ 
coming  signal.  Multiple  responses, 
one  for  each  sideband  of  the  coher¬ 
ent  oscillator,  will  result.  This  condi¬ 
tion  of  multiple  responses  is  brought 
about  by  excessive  quench  frequency 
or  insufficient  quench  amplitude.  The 
quench  frequency  should  be  low 
enough  to  permit  the  oscillations  to 
reach  maximum  amplitude.  The  data 
taken  in  the  performance  of  the  ex¬ 
periments  described  above  seems  to 
indicate  that  a  greater  on  period  of 
oscillation,  brought  about  by  either 
lowered  quench  frequency  and/or 
amplitude,  will  result  in  improved 
selectivity. 

If  the  quench  frequency  is  too 
high,  the  superregenerative  detector 
will  operate  in  the  linear  mode  rather 
than  the  logarithmic  mode.  The 
linear  mode  of  operation  does  not 
have  the  advantage  of  noise  quieting 
and  limiting  on  strong  signals. 

The  quench  frequency  should  be 
high  enough  so  that  no  combination 
of  quench  frequencies  and  modula¬ 
tion  frequencies  can  result  in  audible 
interference. 

At  high  frequencies  selectivitiei^ 
far  greater  than  those  possible  with 
two  and  perhaps  more  tuned  circuits 
alone  can  be  obtained.  The  practical 
limit  on  selectivity  comes  from  the 
problem  of  oscillator  drift.  An  ex¬ 
cessively  sharp  receiver  is  adversely 
affected  by  temperature,  humidity, 
or  voltage  changes,  which  may  result 
in  complete  loss  of  signal,  whereas  a 
less  selective  receiver  will  only  lose 
sensitivity. 

The  superrengenerative  detector 


QUENCH  VOLTAGE 


NO  SIGNAL 


MODERATE  SIGNAL 


STRONG  SIGNAL 


is  a  very  high  gain  device,  conse¬ 
quently  it  does  not  seem  advisable  to 
rely  on  preselector  stages  for  selec¬ 
tivity.  Preselector  stages  are  essen¬ 
tial,  however,  for  the  reduction  of  os¬ 
cillator  reradiation. 

When  it  is  important  to  maintain 
constant  percentage  bandwidth  over 
a  large  frequency  range,  it  will  be 
necessary  to  change  the  quench  con¬ 
stants  simultaneously  with  the  fre¬ 
quency  setting.  If  several  bands  are 
employed,  switching  of  quench  con¬ 
stants  is  desirable. 


Cboic*  of  Qooiich  Consfonts 


The  data  presented  indicates  that 
it  is  possible  to  control  the  selectivity 
over  wide  limits  by  relatively  simple 
changes  in  circuit  constants.  This 
possibility  lends  itself  particularly 
well  to  production  receivers.  Quench 
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COUPLING 

CAPACITOR 

AUDIO  OUTPUT 
BEFORE 

RE  TUNING 

AUDIO  OUTPUT 
AFTER  TUNING 

FREQUENCY 
CHANGE  IN  % 

TOTAL  BAND¬ 
WIDTH  IN  % 

1  '0 

45.0 

64 

0.43 

1.42 

15 

19.0 

37 

0.90 

1.90 

20 

20.0 

29 

085 

^06 

25 

13.0 

23 

1.03 

^15 

35 

12.5 

19 

1.19 

^49 

[  50 

1.25 

2.75 

Ad-c  vacuum-tube  voltmeter  with 
a  very  high  input  resistance  was 
developed  and  found  to  be  quite  use¬ 
ful  in  general  electronics  laboratory 
work.  The  resulting  instrument  has 
a  linear  scale  substantially  inde¬ 
pendent  of  tube  characteristics;  it 
possesses  over-voltage  protection;  it 
has  a  very  high  input  impedance; 
and  it  is  particularly  unique  in  that 
an  electrical  zero  adjustment  is  not 
used. 

The  circuit  is  that  of  a  reflex  volt¬ 
meter*®  and  has  found  application 
lately  in  a  commercial  vacuum-tube 
voltmeter*.  The  voltmeter  to  be  de¬ 
scribed  differs  from  this  one  mainly 
in  that  over-voltage  protection  is 
furnished  and  no  electrical  zero  ad¬ 
justment  is  used. 

Linearity 

The  abbreviated  circuit  of  the  volt¬ 
meter  is  shown  in  Fig.  lA.  The  volt¬ 
age  to  be  measured  is  and  the 
negative  feedback  introduced  by  the 
resistance  R  makes  the  voltmeter 
linear  over  a  large  range  of  voltages. 
The  simplified  equivalent  circuit  of 
the  voltmeter  is  given  in  Fig.  IB  if 
the  assumption  of  linear  tube  char¬ 
acteristics  is  made.  By  solving  the 
circuit  equations,  the  current 
through  the  meter  is 

V  =  ^  +  (1/m)  E, 

’  ft  (1  +  l/ri  +  !/(,„  W 
where  Qm  -  li/fp. 

If  the  tube  used  has  both  a  high 
amplification  factor  fi  and  a  high 
mutual  conductance  the  current 
i,  becomes 

ip  =  E/R  (2) 

This  indicates  that  for  large  values 
of  applied  voltage  E,  the  meter  cur¬ 
rent  i,  is  substantially  independent 
of  the  characteristics  of  the  tube  and 
of  the  plate  voltage  supply  and  de¬ 
pends  only  on  cathode  resistance  R. 
This  property  of  the  circuit  will 
largely  eliminate  the  problem  of  tube 
replacements,  because  no  recalibra¬ 
tion  will  be  necessary  when  the  tube 
is  replaced. 

Ratidaal  Carrant 

When  applied  voltage  E  is  zero, 
the  meter  current  i,  becomes 


High-Resistance 


FIG.  1 — (A)  Basic  circuit  diagram  of  the  d-c  voltmeter.  (B)  Basic  equivalent  circuit 

arranged  for  analysis 


TABLE  I -EXPERIMENTAL  RANGE  DESIGN 


Voltage 

Range 

Resistor  R, 
Megohms 

Plate 

Voltage 

Residual 
Current,  m^ 

Saturation 
Current,  m« 

Open-Circuit 
Current,  Ma 

0-50 

0.5 

162 

5.7 

285 

135 

0-100 

1.0 

278 

4.3 

275 

195 

0-250 

2.5 

370 

2.3 

155 

125 

.  (1/m)  Et 

ie  (1  +  1/m)  +  Vgm 


(3) 


which  might  be  called  the  residual 
current.  In  most  cases  R>l/g„,  and 
/A>1,  and  hence 


tpr 


(1/m)  E, 
R 


(4) 


This  residual  courrent  can  be  bal¬ 
anced  out  by  means  of  a  circuit 
involving  a  zero  adjustment,  or  the 
current  can  be  kept  as  low  as  possible 
by  making  the  plate  voltage  E%  small 
and  making  the  amplification  factor 
large.  This  latter  method  is  the  one 
adopted  for  this  voltmeter  in 
that  it  completely  eliminates  any 
zero  adjustment,  but  it  does  mean 
that  a  small  residual  current  is  al¬ 
ways  present  with  the  input  termin¬ 
als  of  the  voltmeter  shorted.  The 
current  through  the  meter  given  by 
Eq.  1  will  be  proportional  to  applied 
voltage  E  except  for  the  residual  cur¬ 
rent  of  Eq.  3. 

If  the  residual  current  is  made 
small,  the  maximum  error  should 
occur  at  the  lower  end  of  the  meter 


scale,  and  the  error  should  be  small¬ 
est  at  the  top  end.  To  make  R  large 
means  that  the  current  meter  used 
must  have  a  full  scale  current  that 
is  as  low  as  possible.  A  compromise 
in  the  interests  of  ruggedness  was 
a  panel-type  microammeter. 

SataratioR  for  Safaty 

The  voltmeter  circuit  will  start  to 
saturate  when  the  grid  voltage  c,  is 
zero.  When  the  circuit  equations  are 
solved  under  these  conditions,  it  is 
found  that  the  applied  voltage  E  is 


E  = 


R 

R  +  rp 


E„ 


(5) 


and,  because  r,€R, 

E  =  Eb  (6) 

The  voltmeter  thus  starts  to  saturate 
when  the  applied  voltage  becomes 
equal  to  the  plate  voltage  of  the  tube. 

Grid  current  actually  flows  before 
the  point  e,=0  is  reached,  and  hence 
to  prevent  the  grid  current  from 
making  the  voltmeter  non-linear  and 
from  reducing  the  input  impedance, 
the  plate  voltage  E*  is  made  some- 
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D-C  Voltmeter 


Design  of  a  reflex  vtvm  for  measuring  voltages  of  sources 
having  an  internal  resistance  as  high  as  1,000  megohms. 
The  maximum  error  on  any  scale  is  less  than  eight  percent 
and,  for  the  upper  sixty  percent  of  scale,  less  than  five  per¬ 
cent.  At  100  megohms  internal  resistance,  the  errors  are 
five  and  two  percent  respectively 
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I  what  larger  than  the  full  applied 
voltage  E.  When  E  is  made  larger 
'  than  Ei,  the  voltmeter  starts  to  draw 
I  grid  current,  saturation  sets  in,  and 
]  the  meter  current  stops  increasing. 
!  Hence,  this  property  of  saturation 
f-  can  be  used  to  prevent  meter  over- 
;;  loads. 

In  all  cases,  E^  was  adjusted  so 
■  that  the  meter  current  with  over- 
loads  did  not  become  more  than  three 

I 

times  the  full-scale  current.  The 

I  meters  withstand  this  amount  of 

i 


overload  current  without  injury.  The 
full  scale  deflection  of  the  meter  used 
should  occur  when 

E  =  Eb  (7) 

If  the  grid  current  of  the  tube 
is  neglected,  the  input  resistance 
R,  of  the  circuit  can  be  calculated 
from  Fig.  2  A  in  which  Rc  is 
the  paralleled  resistance  of  the  meas¬ 
uring  cable  of  the  tube  and  tube 
socket  to  ground,  and  of  any  resis¬ 
tance  that  may  be  added  for  reasons 
to  be  given  later.  The  resistance  be¬ 


tween  the  grid  and  the  cathode  .ter¬ 
minals  of  the  tube  and  the  tube  socket 
is  shown  as  while  that  between 
grid  and  plate  is  R,.  Both  the  resis¬ 
tances  of  the  cable  and  of  the  tube 
are  usually  several  thousand  meg¬ 
ohms. 

Varying  Inpat  Rasistaac* 

The  solution  of  the  circuit  equa¬ 
tions  along  with  the  use  of  the  ap¬ 
proximation  V,<R  shows  that  the 
input  impedance  of  the  voltmeter  ap¬ 
pears  to  be  composed  of  three  resis¬ 
tances  in  parallel  as  given  in  Fig.  2B. 
Two  of  the  resistances  are  negative, 
while  the  third  is  positive.  Because 
the  positive  resistance  Rc  is  usually 
smaller  than  the  two  negative  resis¬ 
tances  in  parallel,  the  input  resis¬ 
tance  Ri  is  positive  and  slightly 
greater  than  R,.  It  should  be  noticed 
that  Ri  varies  with  the  voltage  E  to 
be  measured,  and  increases  in  mag¬ 
nitude  as  E  decreases.  Grid  current 
flow  which  becomes  large  as  E  ap¬ 
proaches  £■»  will  reduce  the  input  re¬ 
sistance  R,.  Positive  ion  flow  to  the 
grid  also  becomes  important  as  E  ap¬ 
proaches  Et. 

If  the  input  terminals  of  the  volt¬ 
meter  are  open-circuited,  no  current 
can  flow  into  the  meter,  and  an  equi¬ 
librium  point  must  be  reached  such 
that  the  negative  resistances  must  be 
equal  to  the  positive  resistance.  Neg¬ 
lecting  grid  current,  this  equilib¬ 
rium  point  occurs  when 

1  ,  1 

^  -  ^0  (1  +  ^  Rp  ... 

Eb  I  1  ,1 

Rp 

Equilibrium  will  occur  when  E  ap¬ 
proaches  Eb  if  Rc  is  very  large,  and  as 
E  approaches  zero  if  Re  is  very  small. 
This  indicates  that  on  open-circuit 
the  meter  may  indicate  full  scale  or 
even  more,  but  the  pointer  will  not  go 
past  the  saturation  point  in  any  case. 
The  open-circuit  reading  can  be  re¬ 
duced  by  decreasing  but  this  will 
also  reduce  the  input  resistance  of 
the  voltmeter.  Equation  8  also  indi¬ 
cates  that  as  the  internal  resistance 
of  the  voltage  to  be  measured  ap¬ 
proaches  the  parallel  resistance  of 


FIG.  2 — (A)  Circuit  for  calculation  of  tho  input  resistonco  of  the  d>c  Toltmetor.  (B)  Equira- 
lent  input  circuit  composed  of  two  negatire  resistances  and  one  positive  resistance 


FIG.  3 — Complete  circuit  of  the  high  input  re^tance  d-c  voltmeter 
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FIG.  4 — The  Toltage  range  switch  ie  the  only  control  in  the  final  inetrument 


FIG.  5 — Wiring  of  components  is  below  chassis 


i?,(l  +/i.),  and  R„  the  accuracy  of 
measurement  will  become  poor. 

Finol  Design 

An  experimental  circuit  was  con¬ 
structed  using  a  6F5G  tube  because 
this  had  a  high  amplification  factor 
and  a  fairly  high  mutual  conduct¬ 
ance.  A  0-100  microampere,  d-c  in¬ 
strument  was  chosen  to  indicate  the 
applied  voltage,  and  three  scales  of 
50,  100,  and  250  volts  were  decided 
upon.  Table  I  indicates  the  design 
and  experimental  results  for  each  of 
these  ranges. 

The  cathode  resistor  R  is  deter¬ 
mined  by  dividing  the  range  in  volts 
by  the  full-scale  current  in  amperes 
of  the  meter  used.  The  plate  voltage 
used  must  be  large  enough  so  that  no 
appreciable  grid  current  flows  over 
the  useful  range  of  the  meter  but 
small  enough  so  that  neither  the  resi¬ 
dual  current,  nor  the  saturation  cur¬ 
rent,  is  too  large. 

The  open-circuit  current  was 
found  always  to  be  somewhat  smaller 
than  the  saturation  current  except 
for  the  50-volt  range,  where  it  is 
much  smaller  than  the  saturation  cur¬ 
rent.  The  reason  for  this  is  that  grid 
current  flows  in  larger  quantities  just 
above  full  scale,  and  this  has  the  ef¬ 
fect  of  reducing  R,. 

A  twenty-volt  full-scale  was  found 
successful,  but  .was  not  used.  Any 
range  below  this  could  not  be  used. 


because  the  conditions  for  linearity, 
residual  current,  and  saturation  cur¬ 
rent  could  not  be  met  adequately. 
Ranges  above  250  volts  are  very  suc¬ 
cessful  and  are  limited  only  by  what 
plate  voltages  the  tube  must  with¬ 
stand. 

It  was  found  that  for  voltage 
sources  whose  internal  resistance 
was  100  megohms  or  below,  the  maxi¬ 
mum  error  on  any  scale  was  less  than 
5  percent,  while  for  the  upper  sixty 
percent  of  the  scale  the  error  was  less 
than  two  percent.  When  the  voltage 
sources  had  a  resistance  of  1000 
megohms,  the  errors  became  eight 
and  five  percent  respectively. 

To  keep  the  open-circuit  reading 
of  the  voltmeter  below  full-scale,  a 
10,000-megohm  resistor  from  the 
grid  of  the  6F5G  tube  to  ground 
was  successful. 

Any  alternating  voltage  superim¬ 
posed  on  the  direct  voltage  to  be 
measured  is  kept  out  of  the  meter  by 
the  use  of  a  simple  low-pass  filter  con¬ 
sisting  of  a  high  resistance  in  the 
probe  and  the  shunt  capacitance  of 
the  cable  to  the  voltmeter.  An  addi¬ 
tional  mica  capacitor  may  be  neces¬ 
sary  in  some  cases. 

The  circuit  diagram  of  the  volt¬ 
meter  constructed  is  shown  in  Fig.  3. 
No  voltage  regulator  is  needed  in  the 
power  supply  because  the  reading  of 
the  voltmeter  is  not  affected  by  small 
changes  in  the  plate  voltage.  Preci¬ 


sion  resistors  are  used  in  the  cathode 
circuit  in  series  with  the  microam¬ 
meter,  because  on  these  resistors  to 
a  large  extent  depends  the  accuracy 
of  the  instrument.  The  heater  of  the 
6F5G  tube  was  left  floating.  Chang¬ 
ing  tubes  had  no  effect  on  the  cali¬ 
bration. 

The  external  view  of  the  completed 
instrument  is  shown  in  Fig.  4,  the 
internal  view  is  given  in  Fig.  5. 
These  illustrations  indicate  that  the 
design  is  generous  and  the  voltmeter 
could  be  built  much  smaller. 

In  addition  to  the  advantage  of 
high  input  resistance,  the  vacuum- 
tube  voltmeter  described  can  have  its 
tubes  changed  without  affecting  cali¬ 
bration  and  poor  regulation  of  sup¬ 
ply  voltages  does  not  affect  operation. 
It  was  found  to  be  simple  to  build 
and  to  operate  and  also  features  a 
linear  scale  and  over-voltage  protec¬ 
tion. 

Its  disadvantages  are  that  it  meas¬ 
ures  positive  direct  voltages  only  ;  is 
not  suitable  for  use  on  low  voltages; 
has  a  residual  current  indication; 
and  indicates  a  reading  with  the  in¬ 
put  open-circuited. 
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IN  POCKET  RADIOS 


Coordinated  with  the  extensive  and  exhaustive  research  af  RAYTHEON  MFC. CO., 
CINCH  engineering  in  metal-plastic  assemblies  contributes  to  industry  a  per¬ 
fected  socket  for  standard  sub-miniature  tubes.  The  CINCH  Socket ^'Mite'^  insures 
positive  electrical  contact,  holds  the  tiny  tubes  securely  in  place,  permits  easy 
maintenance  and  replacement,  yields  maximum  insulation  resistance  and  mini¬ 
mum  high  frequency  loss,  and  we  can  provide  manufacturers  of  pocket  radio 
receivers  and  hearing  aids,  a  labor  saving  chassis  installation  which  serves 
terminal  board  functions.  As  illustrated,  the  tiny  CINCH  Socket  may  be  had 
with  five,  six  or  seven  contacts.  It  is  now  in  production  and  available  on  order. 


2335  WEST  VAN  BUREN  STREET 

Subsidiary  of  Unil«d-Carr  F«tt«n«r 


CHICAGO  12,  ILLINOIS 

rp.,  Cambridg*,  Mast. 
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Wire  Length  of 
UNIVERSAL  COILS 


Procedure  for  calculating  outside  diameter  and  total  wire  length  when  number  of  turns, 
form  diameter,  gear  ratio  and  wire  size  are  supplied,  for  estimation  and  manufacture 


As  IS  WELL  known,  if  the  inner 
.diameter,  the  outer  diameter, 
and  the  total  number  of  turns  T  of 
a  universal-wound  coil  are  given, 
the  length  I  in  feet  of  wire  in  the 
coil  can  be  calculated  very  closely 
by  means  of  the  formula 

I  =  %D^  T/12  (1) 

where  Dn.  is  the  mean  diameter  in 
inches  of  the  coil.  For  the  purpose 
of  computation,  this  formula  can  be 
written  in  the  more  convenient  form 
I  =  0.262  D„  T  (2) 

where  the  symbols  have  the  same 
meaning  as  before. 

Unfortunately,  in  most  universal 
coil  specifications  the  outer  diam¬ 
eter  is  not  given,  but  only  the  inner 
diameter,  the  number  of  turns,  the 
gear  ratio,  and  the  size  and  kind  of 
wire.  However,  this  data  is  suffi¬ 
cient  to  determine  the  outer  diam¬ 
eter,  and  consequently  the  length  of 
wire  in  the  coil. 

A  universal-wound  coil  has  the 
inherent  property  that  the  number 
of  turns  per  layer  is  the  same  for 
every  layer  and,  furthermore,  is  a 
simple  function  of  the  gear  ratio 
employed  in  winding  the  coil. 

In  particular,  the  number  of 
turns  t  per  layer  of  a  universal- 
wound  coil  is  given  by  the  formula 
t  =  nNc/Qi2No  —  fiNo)  (8) 
where  n  is  the  approximate  or  in¬ 
tegral  number  of  crossovers  per 
turn,  q  is  the  number  of  crossovers 
per  winding  cycle,  Nc  is  the  number 
of  teeth  in  the  cam  gear,  and  No  is 
the  number  of  teeth  in  the  drive 
gear  used  in  winding  the  coil. 

If  the  number  of  crossovers  per 
turn  is  not  given,  it  can  be  de¬ 
termined  easily  from  the  respective 
gears  used  by  dividing  twice  the 
number  of  teeth  in  the  drive  gear 
by  the  number  of  teeth  in  the  cam 
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gear,  and  taking  for  n  the  integer 
nearest  the  quotient,  or  that  inte¬ 
ger  plus  a  simple  fraction,  usually 
either  J  or  i. 

The  number  of  crossovers  per 
winding  cycle,  on  the  other  hand, 
can  be  determined  by  writing  the 
number  of  crossovers  per  turn  in 
the  form  of  a  fraction  ii/ia  reduced 
to  lowest  terms.  If  ii  is  an  even  in¬ 
teger  q  =  ii ;  if  it  is  an  odd  integer, 
q  =  2i^. 

The  q  values  corresponding  to 
values  of  n  most  commonly  used  are 
given  in  Table  I. 

Having  found  the  number  of 
turns  per  layer,  the  actual  number 
of  layers  can  be  found  by  dividing 
the  total  number  of  turns  by  the 
number  of  turns  per  layer;  the 
height  of  the  coil  above  the  form 
can  be  found  next  by  multiplying 
this  result  by  the  overall  diameter 
of  the  wire  used  (found  from  wire 
tabl^).  Expressed  mathematically, 
h  =  Tw/t  (4) 

where  h  is  the  height  of  the  coil  ex¬ 
pressed  in  inches  and  w  is  the  over¬ 
all  diameter  of  the  wire,  also  ex¬ 
pressed  in  inches. 

Having  the  height  of  the  coil,  the 


TABLE  I.  CORRESPONDING 
VALUES  OF  ft  AND  q 


n 

Q 

n 

7 

1 

2 

4 

4 

1.33 

4 

•5 

10 

1.50 

6 

6 

6 

2 

2 

7 

14 

3 

6 

8 

8 

mean  diameter  is  easily  found  from 
the  formula 

D„,  =  d  +  h  (5) 

where  d  is  the  diameter  of  the 
dowel  or  form  on  which  the  coil  is 
wound.  The  value  of  the  mean  di¬ 
ameter  thus  found  can  be  substi¬ 
tuted  in  the  formula  for  I  previously 
given  to  find  the  length  of  wire. 

Practical  Exampl* 

Let  it  be  required  to  find  the 
length  of  wire  in  a  universal-wound 
coil  consisting  of  440  turns  of  3/41 
S.  Cel.  E.  Litz  wire  (w  =  0.0092) 
wound  on  a  ceramic  dowel  0.375 
inch  in  diameter  using  a  gear  ratio 
of  41/80  (No  =  41,  Nc  =  80). 

In  order  to  find  the  number  of 
crossovers  per  turn  we  form  the 
ratio  2  X  41/80  =  81/80  and  select 
the  nearest  integer  to  the  result, 
namely  1.  Hence,  the  coil  is  wound 
with  one  crossover  per  turn. 

Next,  in  order  to  find  the  corre¬ 
sponding  number  of  crossovers  per 
winding  cycle,  we  write  the  number 
of  crossovers  per  turn  in  the  form 
of  a  fraction  reduced  to  lowest 
terms,  namely  1/1.  The  numerator 
of  this  fraction  is  an  odd  number, 
hence  the  number  of  crossovers  per 
winding  cycle  is  equal  to  2  x  1  or  2. 
(Compare  also  Table  I.) 

Hence  for  the  coil  under  consider¬ 
ation  we  have  n  =  1  and  q  =  2. 
Substituting  in  the  formula  for  the 
number  of  turns  per  layer,  we  have 
f  =  1  X  80/[2(2  X  41  -  1  X  80)] 
=  20,  so  the  coil  has  20  turns  per 
layer.  The  actual  number  of  layers 
is  therefore  440/20  or  22,  and  the 
height  of  the  coil  is  22  x  0.0092  or 
0.202  inch.  Because  the  diameter 
of  the  form  is  0.376  inch,  the  mean 
diameter  of  the  coil  is  0.677  inch, 
and  the  length  of  wire  in  the  coil  is 
0.262  X  440  X  0.677  or  66.6  feet. 
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r/^NE  trouble  with  ordinary  motor-starting  capaci- 
tors  is  that  they’re  not  too  well  insulated — the 
cardboard  sleeves  get  soggy  in  time.  Not  so  ivith  this 
plastic  encased  Mallory  Type  P  capacitor! 

Then,  too,  many  manufacturers  have  trouble  with  tight  fitting  end 
caps  —  or  with  padding  expedients  that  are  intended  to  stop 
rattling.  Not  true  of  this  Mallory  Type  P  AC  capacitor  with  its 


SPLASH-PROOF  END  CAP 


Finally,  most  AC  capacitors  are  troublesome  to  mount  —  they 
need  all  kinds  of  expensive  and  extraneous  gadgets.  But  Mallory 
Type  P  has  its  own  mounting  bracket.  Only  two  screws  are  needed 
to  put  it  in  place! 

For  eliminating  replacement  headaches,  improving  appearance, 
speeding  up  assembly  time — you’ve  got  to  hand  it  to  this  Mallory 
Motor-Starting  Capacitor.  We’ll  be  glad  to  send  you  specifica¬ 
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Tubes  Warn  of  Dull  Drills 


An  automatic  electronic  control 
has  been  developed  for  drilling  ma¬ 
chines  that  produce  deep  holes.  It 
reduces  drill  breakage  and  decreases 
the  time  of  drilling.  The  control  au¬ 
tomatically  withdraws  the  drill  when 
torque  exceeds  a  certain  amount. 

Although  ten  percent  is  the  usual 
operating  allowance,  the  device  can 
be  set  to  operate  with  as  low  as  one 
percent  increase  in  torque  load  on  the 
drill  spindle.  The  pulling-out  action 
warns  the  operator  that  the  drill 
should  be  replaced  with  a  sharpened 
tool.  This  control  is  being  used  at 


An  electronic  fish  fence  keeps  the 
fish  in  the  state  hatcheries  at  Penn¬ 
sylvania’s  famed  Pymatuning  Lake 
reservation  in  waters  where  they  are 
protected,  thereby  saving  millions  of 
them  for  later  planting  in  the 
streams  and  lakes  of  the  state.  The 


Ford  Motor  Co.,  with  an  automatic 
unit  for  drilling  the  radial  oil  holes 
of  the  Pratt  &  Whitney  engine  and 
by  H.  E.  Farmer  Engineering  Co.  in 
the  design  of  a  tapping  unit  which  is 
driven  through  a  reversible  motor. 

Other  types  of  machine  tools  may 
find  application  of  this  type  of 
torque  control  to  measure  tool  dull¬ 
ness.  When  danger  of  breakage  is 
negligible  and  retraction  unneces¬ 
sary,  the  equipment  could  be  set  up  to 
operate  a  signal  light  to  inform  the 
operator  when  tools  must  be  re¬ 
placed. 


screen  or  fence  consists  of  one  or 
more  rows  of  metal  rods  or  strips 
that  serve  as  electrodes  through 
which  electrical  impulses  are  sent  to 
set  up  an  electric  field  in  the  water. 

The  electric  impulse  gives  the  fish 
an  effective  but  harmless  shock  and 


sends  them  scurrying  back  to  a  safe 
area.  The  impulses  are  produced  at  a 
relatively  rapid  rate  from  an  elec¬ 
tronic  generator,  resulting  in  a  spe¬ 
cial  wave  form  of  current  that  turns 
back  both  large  and  small  fish  simul¬ 
taneously,  an  impossible  feat 'with 
ordinary  current.  The  proper  wave 
form  was  the  result  of  several  years 
of  research  by  engineers  of  Westing- 
house  and  Henry  T.  Burkey  of  the 
Electric  Fish  Screen  Company  of 
Hollywood,  Calif. 

At  Pymatuning,  the  electric  fence 
prevents  the  fish  from  migrating  to 
open  water  where  they  would  be 
caught  by  fishermen  or  eaten  by 
larger  fish.  The  fence  has  other  ex¬ 
tremely  practical  applications  in  pre¬ 
venting  fish  from  being  destroyed  in 
the  water  intakes  of  irrigation  proj¬ 
ects,  hydro-electric  plants,  and  indus- ' 
trial  works.  A  number  of  similar 
fences  have  been  installed  in  Cali-  ‘ 
fornia  with  marked  success. 


Electronic  Cooking  in  Slot  * 
Machine 

Hot  dogs,  hamburgers  or  grilled 
cheese  sandwiches  will  soon  be  avail¬ 
able  from  an  automatic  canteen  that 
engineers  of  the  General  Electric 
Company  and  the  Automatic  Canteen 
Company  of  America  have  developed 
for  serving  hot  sandwiches  at  the 
drop  of  a  dime  and  the  push  of  a 
button.  The  specialty  division  of 
the  G.E.  electronics  department  ilr» 
Syracuse  is  building  several  thou¬ 
sands  of  the  units  for  the  canted 
company. 

As  shown  in  the  photograph,  the 
machine  looks  something  like  a  soft 
drink  or  cigaret  machine.  It  con¬ 
nects  to  the  110-volt  line,  has  push¬ 
button  selectors  for  choice  of  food; 
a  glass  window  behind  which  is  tlie 
electronic  heating  unit,  and  below 
this  a  glass  door  and  compartment 
into  which  the  hot  dog  or  sandwich 
drops  ready  for  the  customer. 

Individual  trays  inside  the  ma¬ 
chine  hold  the  frankfurters,  cheese 
and  hamburgers,  wrapped  in  buns 
and  enclosed  in  sanitary  containers. 
The  frankfurters  and  hamburgers 
are  previously  cooked  in  a  special 
sanitary  kitchen. 

Many  frequencies  were  tried  be¬ 
fore  the  problem  of  heating  rolls  and 
meat  uniformly,  without  burning, 


Fig.  1 — ^Touag  rainbow  trout  in  on  irrigation  caned  swim  away  whon  thoy  com# 
within  tho  son*  of  iniluonco  of  tho  olectric  fish  ionco  ot  loft  Tho  rod-typo  fonco  is 
controllod  by  a  spocial  oloctronic  gonorator  cmd  omits  oloctrical  chargos  that  ropol 

tho  fish  without  harm 


Electronic  Control  of  Fish  Fence 
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EXPERTS 
CAN  CUT 
YOUR 

FASTENINGS 

COSTS 


Proof  ~37  of  Scovill 
cold-forging  skill. 


Flexibility  of  thinking  backed  by  our  m£uiy  years  of  experience  en¬ 
abled  Scovill  to  lick  this  speci^Ll  f^lstenings  problem  at  a  neat  saving 
to  the  customer. 

The  application  illustrated  features  a  transformer  part  which  is  a  com¬ 
bined  termin^d  and  fastening  making  possible  the  shockproof  feature 
demanded  by  the  severe  usage  to  which  these  transformers  are  sub¬ 
jected.  In  this  case  Scovill  experts  found  it  unnecessary  to  consider  re¬ 
designing. .  .  instead,  costs  were  cut  substantially  by  Scovill' s  ability  to 
cold-forge  the  part  rather  than  follow  the  former  method  of  production. 

This  is  but  one  of  many  examples  of  Scovill  demonstrated  ingenuity. 
It  will  pay  you  to  call  a  Scovill  fastenings  expert  today  whether  your 
fastening  needs  are  in  the  Design  or  Production  stage. 

#C«U  ScoTill  on  thoM  standard  iastanings  for  production  afficiancy... Phillips 

Racassad  Haad  Scraws . .  .Typa  F  Sail -Tappiim  Scraws . .  .Washar-Scraw  Assamblias. 


Scovill  Manufacturing  Company 


Waterville  products  Division 


WATERVILLE  48,  CONN.  TEL.  Waterbury  3-3151 


NEW  YORK,  tMiUm  BWMut  •  DETROIT,  6460  Kfrchtval  knm  •  CWCAGO.  135  Sovtli  LaSallt  Street  .  PWUDELPtllA,  16  W.  CMtu  knm  UMtt 


nnSBUROH,  2662  W.  Ufeerty  An.  •  SYRACUSE,  Syracne-  Remw  lasarnee  6Mf.  •  LOS  ANOaES,  2627  S.  Sm  SL  •  SAN  FRANCISCO,  434  Iranae  SL 
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was  overcome.  Some  frequencies  X-rays  essentially  inspect  for  the 
would  heat  the  roll  but  not  the  frank-  changes  in  density  or  total  mass  in 

furter.  Other  frequencies  would  the  field  of  the  beam.  The  fact  that 

heat  the  frankfurter  but  burn  the  the  Brush  Hypersonic  method  is 

roll.  Then  when  it  looked  as  though  sensitive  to  the  changes  in  modulus 

both  bun  and  meat  would  heat  uni-  of  elasticity  also  gives  an  advantage 

formly,  one  end  of  the  bun  would  over  x-ray  when  it  is  necessary  to 

burn.  Finally  a  frequency  was  found  examine  flaws  that  are  thin  slits  or 

at  which  the  right  amount  of  heat  cracks  in  the  material.  In  such  flaws 

was  developed  uniformly  in  the  the  change  in  total  mass  is  negligible, 

packaged  item.  To  cut  down  radiated  but  at  the  separation  junction  the 

heat  the  oscillator  unit  is  cooled  by  effective  modulus  is  small  since  the 

a  blower.  material  is  already  separated.  Since 

G.E.  engineers  warn  that  it  should  the  sonic  method  is  sensitive  te 
not  be  construed  from  this  develop-  changes  in  the  modulus,  it  gives 
ment  that  the  electronic  stove  is  just 
around  the  corner  and  that  the  can-  ^ 

teen  grill  does  not  solve  the  problems 
yet  to  be  overcome  in  the  field  of 

electronic  cooking.  Further  experi-  I 

mental  work  is  necessary. 


CANTEEN 


Hot  sondwiches  ore  deliTored  from  this  can- 
toon  aitor  tho  food  is  eloctronically  hoatod 


Supersonic  Inspection  of  Strip  Materials 

Production  testing  of  materials  for  it  passes  between  a  pair  of  trans 
minute  flaws  can  now  be  done  by  a  ducers.  Changes  from  its  norma 
supersonic  method  that  was  devel¬ 
oped  during  the  war  to  examine 
rocket  powder  grains  for  voids.  The 
supersonic  equipment  replaced  x-ray 
units  that  were  used  to  radiograph 
each  grain.  Since  the  grains  varied 
in  size  from  five  inches  to  five  feet  in 
length,  considerable  amounts  of  film 
were  required  and  in  March,  1944  it 
became  apparent  that  there  would 
not  be  enough  x-ray  film  produced  in 
this  country  to  supply  the  demand 
when  production  hit  its  peak. 

Frequencies  between  50  and  1000 
kc  are  used  in  the  supersonic  equip¬ 
ment  built  by  Brush  Development 
Co.  Choice  of  the  proper  frequency 
is  determined  by  the  material  to  be 
tested  and  the  type  of  flaw  encount¬ 
ered.  An  electronic  generator  feeds 
a  piezoelectric  transducer  that  trans¬ 
mits  the  supersonic  beam  through 
the  material.  The  properties  of  the 
material  under  test  modify  the  beam 
and  the  resulting  energy  pattern  is 
picked  up  on  the  other  side  of  the 
material  by  another  crystal  trans¬ 
ducer  unit  that  operates  as  a  micro¬ 
phone. 

Use  on  Continuous  Strip 

The  method  is  particularly  appli¬ 
cable  to  materials  having  a  constant 
cross-section  such  as  those  obtained 
by  rolling  and  extruding.  Such  mate¬ 
rial  can  be  examined  continuously  as 


Continuous  strip  matsrials  pass  through  a 
liquid-fillsd  tank  in  which  tho  piesoelectric 
tronsducsrs  ors  mountsd  to  lacs  both  sides 
of  tho  strip 


sensitivity  detections  of  this  type  of 
flaw  even  though  the  thickness  of  the 
slit  or  crack  may  be  only  0.001  inch. 

Such  flaws  occur  frequently  in  ma¬ 
terials  that  are  rolled  in  sheets  to  a 
given  thickness.  The  stock  contains 
long  thin  laminations  rolled  flat  and 
the  trapped  gases  are  rolled  into  long 
pipes.  The  change  in  total  mass  is 
exceedingly  small,  but  the  change  in 
stiffness  is  very  great  and  better  de- 
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Announcing  the 

IRC  INDUSTRIAL 


For  your  resistors  for  experimental  work,  pre- 
production  models,  pilot  runs,  and  small  produc¬ 
tion  runs  call  upon  your  local  IRC  Distributor 
for  prompt,  intelligent  service! 

SERVICE  PLAN 


now  offered  by  over  300  IRC  Distributors ! 


IRC  Distributors  from  coast  to  coast  are  now 
able  to  give  industrial  users  of  resistors  a  new, 
extra  service  on  all  standard  IRC  products. 

Under  the  new  IRC  Industrial  Service  Plan,  your 
local  IRC  Distributor  is  building  and  maintaining 
adequate  stocks  of  standard  IRC  units  for  many 
industrial  requirements  .  .  .  and  he  can  now  fill 
your  moderate-quantity  orders,  from  stock,  at 
direct-factory  prices  ! 

Take  advantage  of  this  new  IRC  plan,  speed 
your  reconversion  and  development  by  getting 
acquainted  with  your  local  IRC  Distributor.  If 
you  do  not  have  his  name,  your  IRC  Representa¬ 
tive  will  be  glad  to  recommend  one  or  several  in 
your  vicinity,  or  write  direct. 


IRC  Catalog  No.  50  H$t$  standard  products  stocked  by  IRC  Distributors. 


Send  for  your  copy* 


dept.  I.C,  401  NORTH  BROAD  STREET,  PHILADELPHIA  8,  PA. 

RECTRONICS  — ^/orcA  t946  167 


^Ifeh. 


SUPERSONIC  INSPECTION 


(continued) 


;-|T 


sKp-Z' '  :  \  T rj.  ^ 


tection  for  these  flaws  is  provided 
by  the  sonic  method  than  by  x-ray. 

Other  Applications 

In  separations  in  tires,  the  rubber 
jacket  blisters  away  from  the  cotton 
fabric  and  a  thin  air  pocket  lies  in 
between.  X-rays  will  not  detect  this 
type  of  flaw.  Poor  cement  joints  that 
occur  in  processes  like  cycle-welding 
are  detectable  by  sound  beams.  In 
this  case,  the  actual  effectual  ad¬ 
hesion  is  a  measure  of  the  modulus 
or  strength  of  the  joint. 

In  1944  the  United  States  govern¬ 
ment  embarked  upon  a  heavy  sched¬ 
ule  of  rocket  projectile  production. 
Uniformity  in  the  composition  of  the 
rocket  sticks  and  absence  of  voids, 
flaws,  and  foreign  material,  was  im¬ 
perative.  The  presence  of  any  flaws 
in  the  powder  sticks  would  result  in 
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"The  whole  is  equal  to  the  sum  of  all  its 
parts” — Elementary?  Of  course— as  simple  and  unchanging  as  all 
great  principles.  This  axiom  is  a  fundamental  manufacturing 
creed  at  Stancor.  We  know  the  established  excellence  of  Stancor 
Transformers  is  vitally  dependent  upon  the  perfection  of  each 
successive  manufacturing  step — from  engineering  considerations 
of  individual  specifications — through  coil-winding,  laminating, 
assembling,  finishing,  testing — and,  finally,  to. careful  packing 
for  shipment. 

All  individual  manufacturing  operations  have  one  common 
denominator  —  QUALITY  —  uncompromising,  changeless 
QUALITY  that  continues  to  prove — *TN  TRANSFORMERS, 
STANCOR  GIVES  MORE.” 


,  a  premature  explosion,  rather  than  a 
I  uniform  propelling  action.  At  the 
i  start  of  the  rocket  projectile  pro- 
graih,  x-ray  was  used  for  inspection 
of  the  rocket  powder  sticks.  In  seek¬ 
ing  a  more  practical  and  expedient 
method  of  inspection,  the  Hercules 
Powder  Co.  began  to  consult  various 
electronics  manufacturers. 

The  h3q)ersonic  Analyzer  devel¬ 
oped  by  Brush  replaced  x-ray  equip¬ 
ment  and  was  used  in  the  entire  U.  S. 
rocket  projectile  program,  saving 
tremendous  quantities  of  x-ray  film 
for  other  uses.  It  also  eliminated  the 


STANCOR 

STANDAID  TRANSPOtMIR  CORPORATION 

1500  NOITH  HAISTED  STREET  CHICAGO  22,  ILUHOIS 


ElRctronlc  squlpiiMiit  ol  th*  Brush  supsr- 
sonic  flow  dstsctor.  Six  choimsls  ors  ussd 
for  opsrotion  with  a  ssriss  of  trcmsducsr 
units  spacsd  across  tho  shoot  of  motorial 


» 


Look  ahead  Radar  by  Sperry 


•  This  year,  Sperry  Gyroscope  Com¬ 
pany  introduces  its  new  Radar 
equipment  for  marine  use. 

Sperry  Radar  has  been  conceived 
to  function  better  in  this  funda¬ 
mental  service:  To  enable  ships  to 
operate  on  schedule  regardless  of 
I'lsihi/ify... through  thick  fog,  heavy 
rain,  dense  smoke,  darkness. 

As  an  aid  to  navigation  it  picks 
up  channel  markers  and  buoys;  as¬ 
sists  in  making  landfalls  with  assur¬ 
ance;  spots  icebergs,  floating  dere¬ 
licts  and  other  hazards  projecting 
above  surface.  It  also  permits  vessels 
to  enter  harbors  and  proceed  with 


all  due  safety  and  caution  through 
fog.  Another  important  feature: 
Sperry  Radar  provides  a  Gyro-Com- 
pass-controlled  image*  and  can  be 
operated  by  bridge  personnel  with¬ 
out  extensive  technical  background. 

In  design  and  construction,  Sperry 
Radar  reflects  this  company’s  many 
years  of  experience  in  precision 
manufacture  of  marine  ecpiipment— 
as  well  as  its  outstanding  achieve¬ 
ments  in  the  field  of  electronics.  In 
simplicity  and  dependability,  this 
new  Radar  exemplifies  again 
Sperry’s  ability  to  build  superior 
products  for  merchant  ship  service. 


Sperry  Radar  Features: 

•  Designed  to  meet  all  Class  A 
sperifieations  of  the  U.  S.  ('oast 
Guard. 

e  Maximum  range  30  miles— 
minimum,  100  yards. 

e  lO-ineh  picture  on  a  12-inch 
screen. 

e  Images  presented  in  true  or 
relative  relationship  at  option 
of  operator. 

e  Gives  accurate  ranges  read 
from  indicator  instead  of  esti¬ 
mated  from  scope. 

•  Backed  by  world-wide  service. 


SPERRY  GYROSCOPE  COMPANY,  INC 


■  R  #  RRO^o  GREAT  NECK.  N.  Y. 

★ 

LOS  ANGELES  •  SAN  FRANCISCO  •  SEAHLE  •  NEW  ORLEANS 
CLEVELAND  •  BROOKLYN  •  HONOLULU 
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AKRA-OHM  DCCICTHDC 
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ronic 


SUPERSONIC  INSPECTION 


necessity  of  building  a  projected 
$2,000,000  plant  for  the  production 
of  x-ray  film.  Since  the  end  of  the 
war,  experiments  have  proceeded 
involving  the  application  of  the  ana¬ 
lyzer  to  inspection  and  flaw  detection 
in  various  industrial  fields. 


on  all  standard  items— 

Specials  in  less  than  a  week  if  necessary 


Indicators 

The  flaw  or  defect  may  be  indi¬ 
cated  in  any  of  several  desired  ways 
—on  a  meter,  by  signal  light  or  a  bell, 
or  a  relay  hook-up  may  be  used  to 
make  whatever  physical  markings 
may  be  desired  such  as  paint  spray, 
inspectors*  rejection  stamp,  continu¬ 
ous  ink-on-paper  chart  record,  or  an 
ejector  mechanism. 

The  supersonic  analyzer  offers  the 
same  inspection  possibilities  for 
many  metals  and  satisfactory  tests 
have  been  made  on  aluminum,  phos¬ 
phor  bronze,  beryllium  copper,  brass 
and  other  metals  and  alloys.  It  is  also 
highly  sensitive  to  flaws  in  plastics 
and  other  extruded  materials. 

A  wide  variety  of  possible  applica¬ 
tions  exist  in  many  industries  where 
the  bonding  of  materials  is  employed 
in  the  manufacturing  process.  Since 
any  separation  between  two  bonded 
surfaces,  such  as  tire  plies,  safety 
glass,  and  bonded  metal  strips,  re¬ 
sults  in  a  change  of  density,  these 
can  be  easily  and  accurately  detected 
by  this  positive  and  non-destructive 
technique. 


ACCURATE 

to  0.05%  when  required 


tells  what  you  want  to 
know  about  precision 
resistors.  Write  for  your 
copy  today.  . 


MOUNTING  STYLES 

to  match  any  need 


SMAUCROSS 


PHYSICALLY  PROTECTED 

to  spec^cations 

HERMETICALLY- SEALED 
and  TROPICALIZED  TYPES 

for  exacting  applications 


High-Frequency  Heating 
Developments 

To  ADAPT  basic  electronic  heating 
units  more  specifically  to  problems 
of  factory  pr Auction,  Westinghouse 
engineers  expect  to  include  auto¬ 
matic  frequency  control,  automatic 
load  control,  and  automatic  cycling 
or  production  controls.  These  fea¬ 
tures  were  incorporated  in  the  most 
spectacular  high-frequency  set  of 
the  year,  the  126-kw,  13.6-mc  unit 
developed  by  Westinghouse  engi¬ 
neers  for  the  Firestone  Tire  and 
Rubber  Company  for  production 
curing  and  drying  of  Foamex,  a 
new  ultra-soft  type  of  sponge-rubber 
used  for  cushions  and  mattresses. 
The  set  is  fitted  into  the  production 
line  so  that  one  side  can  be  loaded 
or  unloaded  while  energy  is  applied 


Shallcross  Manufacturing  Company 
Dept.  E  36  Collingdale,  Pa. 
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Now  Available 


This  Rauland  R-6025  is  a  10  inch,  flat  face, 
direct-viewing  electromagnetically  focused  and 
deflected  tube.  All  necessity  for  Ion  Trap  has 
been  eliminated.  Now  ready  for  the  industry 
....  operating  features  given  at  right: 


TYPICAL  OPERATING  CONDITIONS-R-6025 

Overall  length . 17.5"  max. 

Heater  voltage . 6.3  volts 

Grid  No.  1  .' . 45  volts* 

Grid  No.  2  .  250  volts 

Anode .  5000-11000  volts 

P4  Screen — 7  pin  duodec'al  base 

*cuho1f  volteg* 


Electroneering  is  our  business 
THE  RAULAND  CORPORATION  •  CHICAGO  41,  ILLINOIS 
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Write  for  Technical  Bulletin —“Permanent  Magnets  for  IncJustry," 
contoining  valuable  data  on  design,  production  characteristics 
and  applications  of  Permanent  Magnets. 


SUBSIDIARY  OF  ALLEGHENY  LUDLUM  STEEL  CORPORATION 


Specialists  in  the  Manufacture  of 
ALNICO  PERMANENT  MAGNETS 


H-F  HEATING 


(continued) 


An  •nginanr  chnckt  on*  of  th*  r*cflll*r 
tub*!  in  th*  *l*ctronli*r  Tulcanii*r  d*- 
T*lop*d  bj  Wostinghous*  lor  th*  Firoiton* 
Foil  RiT*r,  Mom.  plant 


to  the  other.  This  provides  a  high 
use  factor  on  the  h-f  generator. 

Control  Circuits 

Automatic  frequency  control  is 
provided  by  using  a  quartz  crystal 
to  furnish  a  standard  or  reference 
frequency,  and  a  circuit  whose  out¬ 
put  is  proportional  to  deviation  of 
the  actual  from  that  of  the  standard 
frequency.  The  output  actuates  a 
motor-driven  vernier  capacitor  which 
is  a  part  of  the  frequency-determin¬ 
ing  circuit.  The  system  holds  the 
frequency  within  plus  or  minus  0.05 
percent. 

Automatic  control  of  heating,  re¬ 
gardless  of  variations  in  the  work 
circuit  as  the  heating  progresses,  is 
achieved  by  automatically  varying 
the  coupling  of  power  from  the  r-f 
generator  and  by  automatically 
maintaining  resonance  in  the  elec¬ 
trode  circuit.  Such  automatic  con¬ 
trols  provide  flexibility  of  process 
control  and  can  be  expected  to  ap¬ 
pear  in  other  standard  r-f  heating 
generators  in  the  future. 

At  and  above  30  megacycles,  the 
elements  of  capacitance  and  induct¬ 
ance  become  electrically  and  physi¬ 
cally  small  and  current  through  coils 
and  capacitors  becomes  high  with 
resultant  high  component  loss.  Ca¬ 
pacitors  of  the  mica  type  normally 
used  for  this  purpose  may  fail  be¬ 
cause  of  excessive  internal  loss.  One 


These  Permanent  Magnets  are  representative  of  some  that 
have  heen  designed  for  Motors,  Generators,  and  allied 
equipment.  If  you  have  not  used  Permanent  Magnets  for 
these  applications  .  .  .  consult  us  for  engineering  advice. 
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And  even  with  4  arms,  we'll  wager  he  couldn't  All  this  adds  up  to  worth-while  savings,  when 

keep  up.  For  it  stands  to  reason  a  man  just  '  you  stop  to  think  how  many  nuts,  bolts  and 
can't  handle  a  lock  washer,  threaded  nut  and  screws  are  used  to  assemble  your  product, 

a  wrench  as  fast  as  he  could  handle  a  Speed  And  don't  forget,  you  won't  have  to  buy  lock 

Nut  alone.  washers,  or  provide  means  for  stocking  them. 

You  don  t  need  lock  washers  with  Speed  Surely  you're  interested  in  reducing  your 

Nuts,  for  Speed  Nuts  are  self-locking.  The  arch-  assembly  costs  without  reducing  the  quality 

ed  prongs  and  base  budd  up  a  double,  spring  of  your  product.  So  write  us  today  for  Uterature 

tension  lock  as  the  Speed  Nut  is  tightened  or  send  in  your  assembly  details, 
down  .  .  .  definitely  preventing  vibration 

loosening.  TINNERMAN  PRODUCTS,  INC. 

You  don't  need  a  wrench  with  Speed  Nuts  fuiiOH  »oad,  Cleveland  u,  ohio 

because  slight  finger  pressure  is  sufficient  to  in  Canada:  Wallac*  Sames  Co.,  Ud..  Hamilton.  Ontario 

keep  them  from  turning  as  they  are  pulled  m  Knsiond:  Simmonds  ATocestories.  ltd.,  London 

^  In  Franco:  Aorocossoires  Simmonds,  S.  A.,  Paris 

down  tight.  in  Australia:  Simmonds  Aerocessories,  Pty.  ltd.,  Melbourne 
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H-F  HEATING 


(contlnutd) 


solution  is  a  device  called  a  Capaci- 
ductor,  which  in  effect  combines 
capacitance  and  inductance  in  one 
unit.  It  is  built  like  a  capacitor  of 
four  or  five  fixed  plates,  but  is  some 
20  to  26  inches  lon^  to  give  it  the 
inductive  reactance  necessary  for 
operation  at  30  megacycles.  Electri¬ 
cally,  it  combines  the  features  of 
a  conventional  transmission  line- 
type  circuit  and  associated  fixed 
capacitors.  It  eliminates  complicated 
and  expensive  mica  capacitors,  and  is 
simple  to  manufacture. 

Other  Applications 

Some  interesting  applications  of 
electronic  equipment  for  induction 
and  dielectric  heating  have  been 
made  in  recent  months.  For  ex¬ 
ample,  a  10-kw  r-f  generator  is  be¬ 
ing  used  by  Firestone  Tire  and  Rub¬ 
ber  Co.  to  preheat  rubber  preforms 
for  solid  rubber  wheels  and  other 
thick  section  rubber  products.  By 
bringing  the  temperature  of  the  raw 
material  uniformly  up  almost  to  the 
curing  temperature  before  going 
into  the  molds,  more  uniform  curing 
is  obtained  and  production  greatly 
increased  by  a  large  reduction  in 
press  time  from  five  hours  to 
eighteen  minutes. 

Dielectric  heating  has  reduced  the 
drying  time  of  high-voltage  capaci- 
tor-tyi)e  transformer  bushings  by 
eight  to  ten  hours  at  the  Sharon 
Works  of  Westinghouse  Electric 


moKim 


FREQUENCY- 

30  c.p.s.  to  5.5  Megacyles,  0.5  DB 


Send  for  Bulletin  for  further  description 


LiUtOMTOIUES,  M 


9Nf0ib  NEW  JERSEY,  U.  S.  A. 
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RANGE-  ^ 

.001  to  100  volts 


INPUT  IMPEDANCE— 

1  Megohm  shunted  by  9  mmfds. 


Probe  method  of  connection  provides  true  indication 
of  voltages  at  point  of  origin.  Logarithmic  output 
meter  yields  simplicity  and  accuracy  of  readings  as 
demonstrated  by  our  voltmeter  line  for  over  ten  years. 
Illuminated  scale  is  further  aid  to  observation. 


A-C  output  connector  and  change-over  switch  affords 
separate  wide-band  amplifier  capable  of  many  uses. 
Example:  extends  useful  range  of  ordinary  oscillo¬ 
scopes  to  beyond  5  megacycles. 


Capodtor  bushings  cars  complstsly  as- 
ssmblsd  and  placed  in  individual  cells  on 
a  treating  rack  for  dielectric  heating.  The 
workman  is  connecting  an  oil  pressure  line 
before  placing  the  bushing  on  a  small 
pedestal 


^  I 


is  better  than  she  used  to  be 


Since  volts,  instead  of  oats,  became  the  diet  of 
the  horsepower  used  for  the  intracity  trans¬ 
portation  of  millions  of  people,  there  has  been 
a  continual  improvement  in  the  design  and 
construction  of  equipment. 

Fiberglas*  Electrical  Insulation  is  one  of  the 
improved  materials  which  helps  street  railway 
systems  give  their  patrons  better,  faster,  surer . 
service  today.  It  has  proven  to  be  a  superior 
motor  insulation  because  it-  stands  up  under 
the  tough  conditions  frequently  encountered — 
the  slush  and  salts  of  snowy  streets — the  punish¬ 
ment  of  fast  pickup  with  heavy  loads — the 
splash  of  rain — and  the  temperature  extremes 
of  year-in-year-out  operation. 

The  outstanding  mechanical  and  electrical 
characteristics  of  these  glass-base  insulations 
have  minimized  motor  burnouts  caused  by  insu¬ 
lation  failure,  for  concerns  in  every  industry. 
For  many  others,  this  better  insulation  has 
materially  reduced  the  frequency  of  rewinds — 
assured  lower  maintenance  costs. 


There  is  a  Fiberglas  Electrical  Insulation 
Material  for  virtually  every  insulation  need.  It 
meets  the  requirements  of  most  rotating  equip¬ 
ment,  solenoids,  dry-type  transformers — is  being 
used  for  radio,  electronics  and  many  other 
electrical  applications.  *  ^ 

If  you  are  concerned  with  the  design,  manu¬ 
facture  or  use  of  electrical  equipment  be  sure  to 

fet  all  of  the  facts  about  all  of  the  forms  of 
iberglas  Electrical  Insulation  Materials.  Write, 
today,  for  your  copy  of  “Are  Your  Motors  a 
Good  Insurance  Risk**? 

Owens-Corning  Fiberglas  Corporation — 

1860  Nicholas  Building,  Toledo  1,  Ohio. 

tm  CMHsd»t  Fibergls*  Csnmdm  Ltd.,  Othatut,  Ontario. 

Fiberglas 

n*.  M.  Reg.  U.  S.  Pst.  OO. 

ELECTRICAL  INSULATION  MATERIAL 

OTHBt  raaiGlAS  PtOOUCTS.  THBtAAAL  AND  ACOUSTICAL  INSUUTIONS, 
DUST-STOP*  AIK  FRTERS.  YARNS^  aOTHS^  MATS  AND  BASIC  HBBtS. 
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r  THICK  COATING  BOOSTS  LENS  EFFICIENCY 


H-F  HEATING 


(continuid) 


Corporation.  In  this  application  of 
high-frequency  heating  the  last  trace 
of  moisture  in  the  bushing  is  driven 
off  by  heat  generated  directly  within 
the  insulation.  The  time  formerly 
lost  in  bringing  the  bushing  up  to 
drying  temperature  has  been  saved 
as  the  entire  insulation  reaches  the 
proper  temperature  within  a  short 
time  after  the  power  is  turned  on. 
In  addition  to  the  time  saving,  the 
bulky  drying  ovens  or  the  network 
of  steam  piping  previously  required 
to  apply  heat  to  the  bushing  have 
been  eliminated. 

The  essential  portions  of  the  sys¬ 
tem  are  shown  in  Fig.  1.  High-fre¬ 
quency  current  supplied  by  the  elec¬ 
tronic  generator  at  the  extreme  left 
is  carried  by  a  nitrogen-filled  coaxial 
line  to  the  tuning  box  where  individ¬ 
ual  adjustments  for  each  bushing 
are  made.  Moisture  driven  out  of 
the  bushing  by  heat  is  carried  off 
through  the  vacuum  line.  The  oil 
pressure  line  permits  insulating  oil 


to  be  forced  into  the  insulation  while 
heat  is  still  being  applied  after  it 
has  been  thoroughly  dried. 

For  a  chain-making  operation, 
three  20-kw  460-kc  r-f  generators 
with  special  work-handling  equip¬ 
ment  were  used  last  year  to  anneal 
the  ends  of  29  million  steel  pins.  A 
dozen  2-kw,  30-mc  units  are  being 
used  by  a  plastic  manufacturer  to 
expedite  production  of  plastic  igni¬ 
tion-timing  wheels. 

An  electronic  blow  torch,  a  dielec¬ 
tric  heating  unit  that  uses  a  wave¬ 
guide  to  hurl  ultra-short  waves  at 
an  object  to  be  polymerized,  cured 
or  bonded,  was  demonstrated  re¬ 
cently  by  Dr.  J.  A.  Hutcheson,  as¬ 
sociate  director  of  Westinghouse  Re¬ 
search  Laboratories. 

“This  device,”  he  explained,  “pro- 


KINNEY  MANUFACTURING  CO. 

3565  Washington  St.,  Boston  30,  Mass. 

N«w  York  Chicago  Philodelphio  Los  Angeles  San  Francisco 

W*  also  maodfocHiro  Vochhiii  Ti^kt  Volvos,  Liqvid  PdRips,  Clotelios  and  lifomiiiaas  Distribafars 


Fig.  1 — Schamatic  diogram  of  tha  main 
•lomants  usod  ia  procosolag  capacitor 
bushings.  Molsturs  drivoa  from  tho  bush¬ 
ing  by  dioloctric  heating  is  carried  away 
through  the  Tocuum  line 


Lena  coating — a  microscopically  thin  layer  oi  magnesium  fluor¬ 
ide  vacuum  coated  on  a  lens  surface — reduces  by  os  much  os 
80%  the  light  loss  due  to  reflection  and  greatly  improves  the 
efficiency  of  optical  equipment.  Kinney  High  Vacuum  Pumps 
provide  rapid  pump  down  of  the  system  and  reliable  backing 
required  for  the  low  absolute  pressures  necessary  for  the  coat¬ 
ing  process.  The  units  shown  above  were  produced  by  Distilla¬ 
ting  Products.  Inc.,  of  Rochester.  New  York. 

Thousands  of  other  dependable  Kinney  High  Vacuum  Pumps  ore 
maintaining  the  low  absolute  pressures  required  in  making  elec¬ 
tronic  products,  in  sintering  alloy  metals,  producing  drugs  and 
aiding  production  of  countless  different  products.  Kinney  Single 
Stage  Vacuum  Pumps  efficiently  maintain  low  absolute  pressures 
down  to  10  microns;  Compound  Pumps  to  0.5  micron.  Write  for 
New  Bulletin  V45. 


m 
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ANOTHER  APPLICATION  OF 


KINNEY 

HIGH  VACUUM  PUMPS 
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MOLDED  PRODUCTS 

I  309  CHfKRY  STRCET.  SCRANTON  3.  RA. 


B>,ameLu\  NEW  YOM  •  CNKAGO  •  DITtOIT  •  NIDGEfOKT  •  CIEVEIANO 
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■hit  is  a  Terminal  Block.  The  two  views  of  it  reveal  an  alignment  of  three 
round,  keyed  holes  molded  into  one  side  — and  an  opposing  series  of 
three  rectangular,  keyed  holes  molded  into  the  adjacent  face.  Deep  within 
the  piece,  these  holes  meet  and  form  right-angle  passages. 

The  part,  of  black  Phenolic,  compression  molded  with  two  metal  inserts 
in  place,  comes  out  of  the  die  six  at  a  time  —  each  a  perfect  counterpart 
—  each  an  example  of  precision  processing. 

Much  of  the  piece's  success  can  be  attributed  directly  to  the  care  and 
accuracy  given  to  the  making  of  the  mold.  Designed  and  constructed  by 
Consolidated,  the  die  provides  cam-operated,  side-core  mechanisms  that 
automatically  mold  the  shaped  holes  into  the  block. 

Of  prime  importance  is  the  fact  that  the  customer  is  well  pleased  —  his 
product  well  served.  As  a  result  of  this  and  countless  other  Consolidated- 
solved  problems,  we  invite  the  opportunity  to  apply  this  know-how  to 
any  and  all  custom  molding  assignments.  Should  you  be  planning  in 
plastics,  your  inquiry  will  be  appreciated. 
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Um  of  a  woToguido  os  on  oloctronic  blow 
torch  to  proloct  high-iroquooqr  onorgy  into 
motoriols  Is  domonstrotod  ot  tho  Wetting- 
house  Bosoorch  Laboratory  by  Dr.  J.  A. 
Hutchosoo.  assodato  director.  Liquid  plot- 
tie  In  the  dish  can  be  soU^ied  in  thret 
minutes 


jects  electronic  waves  on  the  ma¬ 
terial  to  be  heated,  wherever  it  may 
be,  whereas  previous  devices  re¬ 
quired  that  the  object  be  placed  in 
an  electrical  field  created  between 
two  stationary  metal  plates  or  elec¬ 
trodes. 

“The  advantas^es  of  this  unit  are 
that  it  can  be  used  in  restricted 
areas  and  effectively  on  irregularly- 
shaped  pieces  of  material.  Formerly, 
when  a  non>symmetrical  piece  was 
placed  between  the  electrodes,  the 
areas  nearest  the  electrodes  were 
in  danger  of  being  scorched  or 
burned  before  the  entire  piece  was 
uniformly  heated.” 

Odd  shapes  of  plywood  forms,  and 
T-joints  formed  by  struts  or  spars 
could  be  easily  cured  or  bonded  by 
using  waveguides.  The  work  is  still 
in  the  research  stage  and  units  are 
not  available  commercially. 


39,  Winois 


ood  Avenu^ 


V/rightw 


Photoelectric  Fish  Counter 
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By  Lester  V.  Whitney 

Department  of  Phpeice 
Southweet  Mieeouri  State  College 
Springfield,  Mieeouri 


AND  Arthur  D.  Hasler 

Zoological  Laboratory 
Vnivereity  ofWieconein 
Madieon,  wieconein 

Ck>MMERCiAL  FISHING  fleets  may  find 
application  of  a  fish  detector  or  ich- 
thyometer  that  has  been  used  with 
success  on  studies  of  perch  migra* 


--  -  — llv^ 


till  using  ^J^ands  /“a  for  lodusW-  ,  ^  ^  Solder 
f  !S!.<S>n  »»  '““’^"Standard  for  ^  sises, 

BO*  consult  Kee  _  UV 


When  You  Select 


Electronic  Components 


In  one  great  line,  Amphenol  oners 
almost  endless  variety  of  Connectors, 
Cables,  Sockets  and  many  other  essential 
parts  for  electric  circuits,  radio,  communi¬ 
cations  and  electronic  controls  for  industry. 
All  are  engineered  to  the  highest  perform¬ 
ance  standards.  Amphenol  components  are 
produced  and  tested  to  give  the  most  efficient, 
dependable  service  under  all  conditions.  Detailed 
technical  information  is  ready  and  will  be  sent 
to  you  on  request.  Ask  for  Condensed  Catalog 
No.  72. 


AMERICAN  PHENOLIC  CORPORATION 

Chicago  50,  Illinois  •  In  Canada  •  Amphenol  Limited  •  Torontoi 


U.H.F.  Cablu  and  Coaatctors  •  Coidait  •  FittbifS 
Goaatctors  (A*N,  U.H.F.,  British)  •  Cabla  Assm- 
Was  •  Radio  Parts  •  Aitoaias  •  Plasties  for  ladistry 
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what  you  should  know  about  tho 
SHURE  Phonograph  Pickup 


What  is  the 
^Glider'*  Pickup? 


The  *‘Glider**  Pickup  is  a  li^tweight,  low  mass 
Tone  Arm  with  the  new  Shure  Lever -Type  Crystal 
Ccurtridge. 


How  is  low  The  arm  is  aluminum.  It  uses  no  coimterweights  or 

mass  achieved?  springs.  It  has  a  needle  force  of  only  ounces. 


What  is  meant 
by  Lever-Type 
Cartridge? 


The  Crystal  is  driven  by  a  lever  which  improves  the 
transmission  of  needle  chuck  torque  into  ^he  Crystal. 
This  results  in  higher  output  and  greater  lateral 
needle  {mint  compliance.  It  absorbs  full  impact  of 
sudden  jars  to  the  Cartridge  or  needle,  minunizing 
Crystal  strain  or  breakage. 


What  is  its 
output  voltage? 


The  various  tjrpes  range  from  1.6  volts  to  over 
3  volts. 


What 

are  its  playing 
qualities? 


High  needle  point  compliance  affords  faithful  trad 
ing  which  results  in  dearer,  fuller  tone  qualitie 
Lightness  means  longer  reco:i^  life.  The  *‘Glider” 
less  susceptible  to  floor  vibrations,  improves  pla^ 
of  warped  records  and  is  espedally  suitable  for  Vin: 
lite  records. 


MODEL  93 A— $5.50  LIST 

Immediately  Available  at  Shure  Distributors  Everywhere 

FattmUd  kv  Skwr*  Brothtn.  lAetnmd  wndtr  (JU  PatmtU  <tf  tk4  Brush  Dsvsiopmsnt  Company 

SHURE  BROTHERS 


Doaguors  cMtd  Monufoctursn  of  Mkrophonos  and  Acoustic  Dovkos 

225  West  Huron  Street,  Chicago  10,  Illinois 
Cable  Address:  SHUREMICRO 


FISH  COUNTER  (continued) 

tion  in  Lake  Mendota  at  Madison, 
Wisconsin. 

In  studying  fish  migration  in  a 
lake,  it  is  often  necessary  to  set  nets 
to  obtain  data  on  numbers  of  fish 
present  at  different  times  and  at 
different  locations.  Information  of 
this  sort  can  be  obtained  with  the 
photoelectric  ichthyometer. 

The  apparatus  used  under  water 
was  arranged  as  shown  in  Fig.  l. 
The  light  source  was  a  six-volt  auto¬ 
mobile  bulb  in  a  water-tight  housing, 


Fig.  1 — Th«  distonc*  th»  light 

sourc*  omd  th*  phototub*  was  mods  os 
lorgs  os  convsnisntly  possibls  for  uss 
from  o  small  boot 

and  the  phototube  was  arranged  so 
that  it  could  be  faced  either  upward 
for  daylight  intensity  measurements, 
or  toward  the  light  source.  The 
mechanism  used  to  accomplish  this 
motion  was  controlled  by  means  of  a 
cord  reaching  to  the  surface. 

When  the  phototube  was  faced 
toward  the  light  source,  deflections 
of  the  pointer  could  be  plainly  ob¬ 
served  on  the  microammeter  as  the 
fish  swam  through  the  beam.  The 
intensity  of  the  light  source  was 
kept  low  so  as  not  to  attract  or  repel 
the  fish  any  more  than  could  be 
avoided.  The  light  was  periodically 
turned  off  so  as  not  to  furnish  a  con¬ 
tinuing  attraction  for  fish  which  had 
already  interrupted  the  beam.  It  was 
thought  at  first  that  it  would  be 
necessary  to  provide  side  nets  to 
guide  the  fish  into  the  beam,  but 
good  results  were  obtained  without 
them. 

A  satisfactory  correlation  was 
found  between  pointer  “kicks”  regis¬ 
tered  per  minute,  and  the  numbers 
of  fish  caught  either  in  nets  over  a 
definite  period  of  time  or  by  hand 
lines  from  the  same,  or  nearby  boats. 

Circuit 

A  two-stage  amplifier  with  the 
first  stage  under  water  was  used  at 
first,  but  a  more  simple  circuit, 
shown  in  Fig.  2,  has  been  built  with 
sufficient  sensitivity  for  fish  detec- 
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FIXED  and  VARIABLE  RESISTORS  •  INEXPENSIVE  SWITCHES 
iron  cores  •  COIL  FORMS  •  POWER  TUBE  ANODES  •  BRUSHES  AND  CONTACTS 
RHEOSTAT  PLATES  and  DISCS  •  ANODES  and  ELECTRODES,  ETC. 
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'lO€UK, 


ELECTRONS 

Inc. 

NEWARK,  N.  J. 


TUBES 


D.C.  Output  (Amps.)  1.0 
Peak  Anode  Current  4.0 
Peak  Inverse  Volts  725 


D.C.  Output  (Amps.)  6.4 
Peak  Anode  Current  25.6 
Peak  Inverse  Volts  725 


D.C.  Output  (Amps.) 

Peak  Anode  Curient  10.0 
Peak  Inverse  Volts  725 


ELECTRONS,  Inc 

127  SUSSEX  AVENUE 
NEWARK  4,  N.  J. 


FISH  COUNTER 

tion.  This  circuit  is  not  a  true  push- 
pull  circuit  since  the  phototube  cur- 
rent  affects  only  the  grid  potential  of 
tube  1.  A  true  push-pull  circuit 
would  require  a  separate  phototube 
battery. 

It  was  found  by  trial  that  when  a 
separate  phototube  battery  was  used, 
unstable  conditions  resulted.  This 
was  because  any  contact  with  the 
battery  or  its  case  affected  the  grid 


Fig.  2 — Clxodt  of  tho  photooloctric  fiih 
dotoctor 


of  tube  2.  Any  contact  with  the 
water-tight  housing  of  the  phototube 
resulted  in  similar  unstability.  For 
these  reasons  the  separate  battery 
v/as  omitted,  the  positive  B  terminal 
was  grounded,  and  the  positive 
phototube  terminal  was  grounded  to 
the  water-tight  housing. 

In  spite  of  the  variation  of  total 
plate  current,  there  is  almost  no  de¬ 
generative  effect  because  of  grid  bias 
so  long  as  both  tubes  operate  on  the 
straight  line  portion  of  their  char¬ 
acteristic  curves.  Any  such  effect 
could  be  further  minimized  by  re¬ 
placing  resistance  Rt  with  a  C  bat¬ 
tery  of  proper  value. 

To  operate  the  fish-detector,  the 
light  source  is  first  removed  and  the 
microammeter  brought  to  zero  set  by 
means  of  adjustment  Ri  and  fine  ad¬ 
justment  Ra.  The  light  is  then 
turned  on  and  interruptions  of  the 
beam  counted.  A  double-throw 
switch  makes  it  possible  to  connect 
the  amplifier  to  either  of  two  photo¬ 
tubes.  Both  phototubes  could  be 
under  water  acting  as  fish  detectors, 
or  one  could  be  below  water  and  the 
other  above  water  for  daylight-in- 
tensity  measurements.  This  arrange¬ 
ment  makes  possible  a  determination 
of  the  correlation,  or  lack  of  corre¬ 
lation,  between  daylight  intensity 
measurements  and  fish  movements. 
The  instrument  should  be  of  value 
in  the  further  study  of  fish  migra¬ 
tion  and  fish  habits. 
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recision  quality  control  mokes 


STUPAKOff 

CERAMICS 

. . .  .your  best  choice 


STUPAKOFF 


Stupakoff  quality  control  means  .  .  . 

1 .  Strict  adherence  to  your  specifications — 

2.  Uniform,  dimensionally-accurate  ceramic  insulators 
that  minimize  production  losses— 

3.  Maximum  mechanical  strength _ 

4.  Maximum  electrical  protection. 

These  advantages  of  Stupakoff  Ceramics  are 
gained  through  carefully  selected  and  laboratory 
controlled  materials  .  .  .  competent 
engineering,  backed  by  years  of  ex¬ 
perience  and  research  .  .  .  plus 
modern  manufacturing  facilities  and 
constant  inspection.  For  the  finest 
ceramic  insulators . . .  specify  Stupakoff. 
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Design  of  F-M  Transmitter  for  88-108  Me .  184 

Twelve-Tube  F-M  Handie-Talkie .  194 

Portable  Television  Console .  200 


Design  of  F-M  Transmitter  for  88-108  Me 

By  Samuel  L.  Sack 

VhitJ  Engineer 

Transmitter  Equipment  Mfg.  Co.,  Inc. 

New  York,  N.  Y. 


Use  of  a  motor-driven  capacitor  for 
center-frequency  control,  balanced 
modulators,  a  push-pull  oscillator, 
and  linear  circuit  elements  in  plate 
tank  circuits  are  interesting  features 
of  a  new  high-fidelity  f-m  transmit¬ 
ter  having  an  output  power  of  250 
watts  in  the  new  f-m  band. 

One  of  the  major  problems  en¬ 
countered  in  the  use  of  direct  fre¬ 
quency  modulation  of  a  primary 
oscillator  is  the  attaining  of  consist¬ 
ent,  stable  center  frequency  control 
of  that  oscillator.  The  methods  em¬ 
ployed  in  this  transmitter  depart 
somewhat  from  those  normally  used. 

The  primary  object  in  any  center 
frequency  stabilization  control  sys¬ 
tem  is  to  make  the  reference  crystal 
the  sole  frequency-determining  ele¬ 
ment.  It  was  therefore  necessary  to 
devise  methods  that  would  make  all 
other  circuit  elements  of  the  sys¬ 
tem  non-critical. 

When  two  carriers  differ  in  fre¬ 
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quency  by  a  relatively  small  amount, 
one  carrier  can  be  considered  as 
phase-modulating  the  other  carrier. 
The  amount  of  phase  modulation  of 
either  carrier  is  determined  by  the 
relative  amplitudes  of  the  two  car¬ 
riers  and  the  value  of  the  beat  dif¬ 
ference  between  them.  Advantage 
was  taken  of  this  fact  in  the  Temco 
transmitter. 

The  output  of  the  primary  oscilla¬ 
tor  and  the  Standard  crystal  oscilla¬ 
tor  are  fed  to  two  mixer  stages.  The 
a-m  audio  component  is  obtained 
from  one  mixer  stage,  while  the 
other  mixer  stage  is  fed  through 
limiters,  then  to  a  discriminator 
from  which  the  f-m  audio  is  re¬ 
covered.  The  a-m  and  f-m  audio  is 
then  fed  to  a  phase  detector  as  shown 
in  Fig.  1. 

Use  of  Thyratrons 

The  phase  of  the  f-m  audio  in  re¬ 
lation  to  the  a-m  audio  is  dependent 


upon  the  sine  of  the  beat  difference 
between  the  standard  crystal  oscii. 
lator  carrier  used  as  a  reference  and 
the  primary  oscillator  carrier.  The 
level  of  the  d-c  output  voltage  from 
the  phase  detector  *is  a  direct  func. 
tion  of  the  beat  difference  between 
the  two  carriers  and  the  sine  of  that 
voltage  is  a  function  of  the  sine  of 
the  beat  between  the  carriers.  The 
output  voltage  from  the  phase  detec¬ 
tor  is  then  passed  through  a  d-c  am¬ 
plifier,  which  in  turn  controls  the 
grids  of  a  pair  of  thyratron  tubes, 
The  output  circuit  of  the  thyratrons 


Fig.  2 — Essential  portions  of  the  exciter 
unit  of  the  Temco  model  250  BCF  i-m 
transmitter 


provides  the  a-c  voltage  of  the  proper 
phase  to  operate  a  two-phase  motor 
which  in  turn  is  mechanically 
coupled  to  the  primary  oscillator  tun¬ 
ing  capacitor. 

The  d-c  output  voltage  from  the 
phase  detector  is  used  as  a  measure 
of  the  beat  difference  between  the 
two  carriers.  Thus,  placing  a  zero- 
center  d-c  voltmeter  having  a  high 
internal  resistance  across  the  out¬ 
put  of  the  phase  detector  provides 
a  direct  indication  of  the  primary 
oscillator  frequency  in  cycles  with 
respect  to  the  standard  crystal  oscil¬ 
lator  frequency  and  indicates  as  well 
the  sine  of  that  difference. 

Figure  2  is  a  schematic  diagram 
of  the  exciter  unit  and  shows  the 
reactance-tube  modulators,  the  push- 
pull  oscillator,  the  first  doubler  and 
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ng.  1 — Circuit  arrongemant  for  motor-driTon  corroctioii  of  tho  contor  froquoncy  of 

tho  primary  oscUlotor 


More  and  more  of  today’s  instruments,  appliances  and  machines  start,  stop,  see,  hear, 
measure,  count,  time,  record,  talk,  fly,  with  Relays  by  Guardian.  Manufacturers  who 
designed  these  products  thought  they  needed  "specials",  yet  found  Guardian  standard 
Relays  better  qualified  on  performance — price — delivery.  For  example,  the  Guardian 
Series  100  Relay  is  a  standard  type  with  replaceable  coil  and  contact  combinations 
available.  Has  a  wide  operating  range  from  3  v.  to  230  v.  at  60  cycles.  Another 
unit,  the  Series  R  Stepping  Relay  is  built  for  three  basic  types  of  A.C.  and  D.C.  opera¬ 
tion:  1.  Continuous  rotation;  2.  Electrical  reset;  3.  Add  and  subtract.  These  and  other 
Guardian  controls  and  Guardian’s  speed  and  flexibility  of  manufacturing  can 'make 
things  easier  for  you.  Send  for  NEW  RELAY  CATALOG  showing  43  basic  types  of  relays, 
a  complete  line  of  solenoids,  magnetic  contactors,  switch  parts,  together  with  operating 
data,  specifications,  suggested  applications.  Your  catalog  is  waiting.  No  cost.  Write. 

GUARDIAN  CliELECTRIC 

U25.C  W.  WALNUT  STREET  Xp'  CHICAGO  12,  ILLINOIS 

a  cmriiTt  iiai  tr  tiiars  siivinc  aHiaican  ihivstsv 
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Strist  100  A.  C.  Relay 


Varies  R  Stepping  Relay 


•  Delivery 


rols  enclosed  for 
simple  operation 
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the  control  units  for  center  fre¬ 
quency  stabilization  of  the  primary 
oscillator.  The  primary  oscillator 
operates  within  the  frequency  range 
of  11-13.5  me.  A’  multiplication  of 
eight  times  is  used  to  obtain  the  de¬ 
sired  carrier  frequency.  The  use  of 
balanced  modulators  and  a  push-pull 
oscillator  provides  twice  the  f-m 
swing  of  the  oscillator  frequency 
that  would  normally  be  obtained  with 
a  single  modulator  and  thus  permits 
the  use  of  a  multiplication  factor  of 
only  eight  It  has  the  further  ad¬ 
vantage  of  eliminating  distortion 
due  to  second-order  products. 

Balancing  Action 

Means  are  provided  for  balancing 
the  cathode  currents  of  the  6AK5 
modulator  tubes  as  well  as  providing 
controls  for  adjusting  the  value  of 
the  quadrature  voltage  fed  back  to 
each  grid.  The  quadrature  voltages 
fed  to  the  grids  of  the  modulator 
tubes  are  in  phase  and,  if  the  grids 
are  connected  together  and  a  mod¬ 
ulating  voltage  of  the  same  phase 
applied,  the  reactive  currents,  flow¬ 
ing  through  the  push-pull  oscillator 
tank  coil  as  a  result  of  the  modulator 
plate  currents,  will  be  effectively 
zero.  This  provides  a  means  of  ad¬ 
justing  the  cathode  currents  of  the 
modulator  and  the  values  of  the 
quadrature  voltages  fed  to  each  grid 
so  that  no  f-m  modulation  of  the 
oscillator  frequency  takes  place  with 
a  modulating  voltage  being  applied 
to  the  grids  of  the  modulators. 

The  balancing  of  the  modulators 
can  be  carried  on  at  various  input 
levels  of  modulating  voltage.  This 
insures  that  the  modulator  tubes  are 
both  operating  on  the  same  portion 
of  their  Gm  characteristic,  which  will 
result  in  symmetrical  shift  of  the 
oscillator  frequency  around  its  cen¬ 
ter  value. 

With  modulating  voltages  of  op¬ 
posite  phase  applied  to  the  grids 
of  each  modulator  tube,  the  reactive 
currents  now  flowing  through  the 
oscillator  tank  coil  will  be  of  the 
same  sine  and  opposite  phase  so  that 
the  total  net  effect  on  the  oscillator 
frequency  will  be  effectively  doubled. 

The  6AK5  miniature  pentode 
tubes  were  selected  as  modulators. 
To  insure  stable  modulator  opera¬ 
tion  and  to  prevent  relaxation  types 
of  oscillation  that  can  develop  in  the 
modulators,  it  was  necessary  to 


Factory  personnel  cannot  of  coursa  make 
moasuranwnts.  They  can  compart  prodne- 
tion  parts  with  approved  standard  parts— 
and  with  tha  QX-Chackarthasa comparisons 
can  bo  mada  ipiickly,  simply  and  accurataly. 


qx  -CHECKER  TYPE  110- A 

The  QX -Checker  is  specifically  designed  for  production  use  to 
check  hoth  the  reactance  and  resistance  of  any  R.F.  component. 
These  properties  are  simultaneously  indicated  when  a  component 
is  resonated  in  a  tuned  circuit.  The  two  factors,  reactance  and 
resistance,  are  separately  indicated,  one  on  the  condenser  dial, 
the  other  on  the  meter  so  that  the  deviation  of  either  from  estab¬ 
lished  tolerances  is  immediately  shown.  Insures  uniform  parts 
held  within  close  tolerances.  Frequency  range  100  kc.  to  25  me. 

For  further  information^  write  for  catalog  "C” 


BOONTO 
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CONSTANT  VOLTAGE  for  home  equipment  made 

possible  by  this  low-cost  transformer 


has  no  moving  parts,  and  requires  no 
supervision. 

Type  11  is  just  one  of  31  standard 
types  in  capacities  ranging  from  lOVA 
to  10,000VA  that  are  available  to  manu¬ 
facturers  of  all  types  of  electrically 
operated  equipment.  Special  units  can 
be  built  to  your  exact  specifications. 
Sola  engineers  are  available  for  a  dis¬ 
cussion  of  your  problems. 


With  this  transformer  maintaining  op¬ 
erating  voltage  within  ^  1  %  of  rated 
requirements,  regardless  of  supply  line 
fluctuations  as  great  as  30%,  trouble- 
free  operation  of  your  equipment  be¬ 
comes  a  reality. 

Here  is  what  can  be  accomplished  by 
building  this  Sola  Constant  Voltage 
Transformer  into  your  equipment. 

1.  Increased  efficiency. 

2.  Lowered  cost  to  the  user. 


3.  Reduced  maintenance  expense. 

This  Type  11  Sola  Constant  Voltage 
Transformer  is  designed  specifically  for 
such  domestic  applications  as  heating 
and  ventilating  controls,  FM  and  tele 
vision  receivers,  refrigeration  and  air 
conditioning  controls  and  other  similar 
products  where  stable  voltages  must  be 
maintained.  Like  all  Sola  Constant 
Voltage  Transformers,  regardless  of  size 
or  capacity,  it  operates  automatically. 


Wrjfu  for  now  Hcmdbook 

A  complete  treatise  on  the  subject 
of  voltage  stabilization.  It  pro¬ 
vides  tM  answer  to  a  problem 
that  oonfironts  every  manufac¬ 
turer  or  user  of  electrically  op¬ 
erated  or  electronic  equipment. 

AAforBuUoHn  DCV-102* 


Constai 


Ireetfermeis  fert  Conttant  VoHage  'Cold  Calbode  Lighting  •Mercuiy  lamps  •Series  Lighting  •  Ruorescent  Lighting  •X-Ray  Equipment  •  Luminous  Tube  Sign* 
Ofl  lunmr  ignition  •  Rodio  •  Power  •  Controls  •  Signol  Systems  •  etc.  SOLA  ILICTtIC  COMFANT,  aSlS  Oyheerw  Avenue,  Chkoge  14,  IWweU 
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shield  the  grid  and  plate  circuits  of 
each  tube  carefully  and  to  place  each 
modulator  in  a  separate  can.  As  a 
result,  the  modulators  are  completely 
free  from  any  tendency  to  oscillate 
and  have  excellent  frequency  re¬ 
sponse  characteristics. 

The  audio  modulating  voltage  fed 
to  the  grids  of  the  modulator  tubes 
is  carried  through  a  500-ohm  line 
across  which  is  placed  a  series  re¬ 
sistance-inductance  network  having 
a  high-frequency  pre-emphasis  char¬ 
acteristic. 

No  correcting  voltage,  developed 
as  a  result  of  drift  in  the  primary 
oscillator  as  compared  to  the  stand¬ 
ard  crystal  oscillator,  is  fed  back  to 
the  grids  of  the  modulator  tubes  for 
the  purpose  of  center-frequency  cor¬ 
rection  of  the  oscillator.  Because  of 
this  fact,  the  modulators  are  always 
operating  within  the  proper  portion 
of  their  characteristics,  which  elim¬ 
inates  the  possibility  of  distortion 
being  introduced  as  a  result  of  cor¬ 
recting  voltages  being  fed  to  the 
modulators  for  the  purpose  of  center- 
frequency  correction. 


Primary  Oscillator 


The  plates  of  the  modulator  tubes 
are  connected  directly  to  the  plates 
of  the  6J6  dual  miniature  triode  used 
in  a  push-pull  Hartley  oscillator  that 
operates  in  the  frequency  range  of 
11-13.5  me.  It  is  necessary  that  the 
reactive  currents  developed  by  the 
modulator  to  obtain  a  minimum  de¬ 
viation  of  ±10  kc  of  the  oscillator 
frequency  constitute  a  considerable 
portion  of  the  total  tank  current. 
Thus,  the  constants  of  the  tank  cir¬ 
cuit  are  so  designed  as  to  insure 
stable  oscillator  operation  and,  at  the 
same  time,  permit  ready  modulation 
of  the  oscillator.  It  is  likewise  neces¬ 
sary  that  the  oscillator  be  capable 
of  developing  sufficient  output  power 
to  properly  drive  the  first  doubler 
stage. 

A  6J6  miniature  twin  triode  is 
used  as  a  push-push  doubler  that 
develops  approximately  three  watts 
of  output  power. 

To  develop  considerable  power 
from  the  second  doubler  to  insure 
saturation  of  the  grids  of  the  third 
doubler,  an  807  tube  was  selected. 
A  split  tank  is  employed  in  the  plate 
circuit  of  this  stage  so  that  effec¬ 
tively  only  half  of  its  output  capaci- 


COMMUNICATION 

is  as  vital  now  as 


on.  Scientific  wires  are 

further  our  national  program 
of  reconversion.  CORWICO  is 
doing  its  best  to  deliver  such  wire  for  civilian  use. 


There's  a  tremendous  job  to  be  done,  and  you  and 
we  will  do  that  job. 
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no  rust 

OHIPPERS!  Your  product  con  be 

seriously  damaged  by  rust,  corrosion,  HO  COFfOSION 

or  mildew  . . .  because  of  "in-the-package” 

moisture.  Avoid  such  damage.  Include  ^  ^  ^  m.  ^  i _ 

Jay  Cee  Silica  Gel,  the  ideal  drying  ■■■  ■■■IS  COIHaillOr 

agent,  in  the  packages  with  your  product. 

w  .  .  .  I  ,  ,  .  Tlw  Mr.  Oft*  M««ll*r, 

Your  container  may  be  sealed  tight  as  f*r**i*»i,  iii«^*<Niit  ••••  *1  m*  Awfpr* 
a  drum”  against  outside  moisture.  Yet,  the  SS.EJK K 

vapor  within  can  cause  untold  harm.  •  ««rf*«.  r*«ii*d  whm*  is*  m 

Particularly,  a  slight  drop  in  temperature  o*i . . .  wMch  adsorb  "in.tb*-p*<ka9* 

can  release  dangerous  moisture.  d***^  #r**i  rv«i  or  c*rr*< 

"  (C*llopfc«ii*  packagina  wot  otod  in  1 

■  _  r"  CM*  I  I  xi.  •  •  .1.  troHon  at  *  twbttifof*  for  Hi*  octvol  w 

Jay  Cee  Silica  Gel  keeps  the  air  in  the 
package  dry  .  .  .  adsorbs  the  vapor  .  .  . 
prevents  moisture  damage.  Jay  Cee  Silica 
Gel  is  a  crystalline  substance  resembling  rock 

salt  in  general  appearance  .  .  .  chemically  inert.  Has  amazing  power  to  take  up 

moisture  without  its  particles  changing  in  size  or 
shape.  Packed  in  1,  2,  4,  8  oz.  and  1  and  5  lb.  bags. 

Used  widely  with  shipments  of  metal  parts,  precision 
instruments,  electronic  equipment,  dehydrated 
foods,  fabrics,  and  chemicals. 


Tb*  WotfroHon  thowt  Mr.  Off*  MooNor,  pockofiof 
foromon.  IntpotHog  on*  of  bit  Ampr*  Soond'On. 
Film  Fr*i*ctvrt  toolod  HgbHy  wilbin  *  ropiotonfoHv* 
moitlof*  v*p*r.pr**f  borrior,  roody  f*  b*  pkicod  In 
*  tbipping  carton.  Focfcod  wiHHn  lb*  borrior,  with 
Hw  Frofoctor,  or*  Hiro*  tmoll  bogt  of  Joy  Co*  Silica 
Ooi  .  .  .  which  adtorb  "in>th*-pachag*”  nioitlor* 
and  provont  domog*  from  rvtl  or  corrotion.  . 
(CoHophon*  packaging  wot  otod  in  Ihit  illot* 
troHon  at  *  twbtHfof*  for  th*  octvol  wrapping). 
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Problem  :  Improve  and  modern¬ 
ize  design  of  radio  cabinet  for 
greater  sales  appeal  and  sim¬ 
plified  production  and  assembly. 

Solution:  Richardson  Plasti- 
cians  redesigned  the  cabinet, 
using  Molded  INSUROK. 
Units  ordinarily  assembled 
from  several  parts  can  be 
molded  in  one  piece  when 
Molded  INSUROK  is  used. 
This  makes  possible  im¬ 
proved,  modern  designs, 
greater  sales  appeal,  more 
efficient  production,  and 
fewer  assembly  operations. 


Why  not  consult  Richard¬ 
son  if  you  are  planning 
new  products  or  the  re¬ 
designing  of  present 
models?  Richardson  Plas- 
ticians  have  the  broad 
experience  necessary  for 
the  prompt,  efficient 
solving  of  difficult  plas¬ 
tic  problems.  Let  them 
help  you  improve  both 
the  appearance  and  per¬ 
formance  of  your  prod¬ 
ucts.  Write  today  for 
information. 


Courtesy 
Belmont  Radio  Corporation 
Chicago 


“Pnteioioa'Pleiotice 


tance  appears  across  the  tank  coil. 
A  push-pull  beam  power  r-f  ampli¬ 
fier  tube  is  used  as  a  third  doubler 
so  that  ony  half  its  input  capacitance 
is  placed  across  the  807  tank  cir¬ 
cuit.  This  circuit  arrangement  per¬ 
mits  the  use  of  lumped  constants  in 
the  807  plate  tank,  in  spite  of  the 
fact  that  the  tank  circuit  operates 
in  the  frequency  range  of  44-54  me. 

The  807  second  doubler  is  capable 
of  developing  considerably  more 
power  than  is  required  to  drive  the 
grids  of  the  third  doubler  stage  and 
a  potentiometer  in  the  screen  circuit 
permits  adjustment  of  the  driving 
power.  To  insure  stable  operation 
of  the  807  as  a  doubler  in  the  region 
of  50  me,  it  is  necessary  to  isolate 
perfectly  the  grid  and  plate  circuits 
and  this  is  accomplished  by  placing 
each  circuit  in  separate  shields. 

Concentric  Tank 

An  829B  push-pull  beam  power 
amplifier  was  selected  as  the  third 
doubler  and  driver  for  the  final  am¬ 
plifier.  To  further  assure  fairly 
large  amounts  of  reserve  driving 
power,  this  tube  is  used  as  a  push- 
push  doubler.  Inasmuch  as  the  total 
output  capacitance  of  the  plates  con¬ 
nected  in  parallel  is  approximately 
14  fipi,  a  concentric  transmission 
line  is  used  as  the  tank  element,  with 
the  outer  conductor  at  both  d-c  and 
r-f  ground  potential.  This  method 
of  construction  effectively  prevents 
any  radiation  from  the  tank  circuit, 
and  removes  the  possibility  of  ac¬ 
cidental  shock  due  to  contact  with 
this  tank  circuit.  A  60-ohm  con- 


Flg.  3 — Conii«cttoiu  of  tho  linoor  con* 
ooatric  Hum  to  tho  oaodoo  of  tho  4-125A 
tnbos.  Tho  raotal  plotoo  mountod  on 
standoff  Insulators  aoor  tho  tubos  or# 
usod  for  noutroUsotion  of  tho  grid*to*plat« 
capodtoaco 
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When  you  build>in  a  Raytheon  Voltage  Stabilizer— 
or  offer  it  as  an  accessory— you  are  adding  an  effec¬ 
tive  sales  feature  to  your  own  equipment. 

It  stabilizes  fluctuating  voltage  to  within  ±y2%> 
Thus  it  improves  the  operation,  boosts  perform¬ 
ance,  steps  up  the  accuracy  of  wide  varieties  of  elec¬ 
trical  equipment. 

Inquire.  There  are  three  models  to  suit  your  in¬ 
stallation  or  design  requirements  . . .  cased,  uncased 
or  endbell.  And  if  desired,  Raytheon  engineers  will 
design  special  stabilizers  to  meet  the  individual 
requirements  of  your  design.  Write  for  Bulletin 
DL  48-537. 


RAYTHEON  MANUFACTURING  COMPANY 

Waltham  54,  Mass. 

ILiCTRICAL  EQUIPMENT  DIVISION 


Get  these  principal 
operating  advantages: 

*  Control  of  output  voltogo  to  within 

*  Stabilisation  at  any  load  within  ratod 
capacitios. 

*  Quick  rotponso.  Stabilises  varying  input 
voltage  within  1/20  second. 

*  Entirely  automatic.  No  adjustments.  No 
moving  parts.  No  maintenance. 


^xeMenca  in  Siecikcnic^ 
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The  famous  Electron  Microscope 
by  Radio  Corporation  of  America 


Enormously  widening  man’s  capacity 
to  see  and  photograph  the  "invisible/' 

RCA’s  new  Electron  Microscope  is  an 
outstanding  asset  to  scientific  progress. 

Following  the  necessarily  rigid  stand¬ 
ards  such  a  device  demands,  the  30,000 
volt  main  capacitor  is  made  by  indus¬ 
trial  Condenser  Corporation. 

Skilled  Industrial  Condenser  Corporation  engineers,  in  the  world's 
most  modern  condenser  plant,  design  and  build  capacitors  for  every 
application.  If  your  products  require  Electrolytic,  Paper,  Oil,  or 
Motor  capacitors,  call  your  nearest  industrial  Condenser  Corpora¬ 
tion  district  office  today. 


ITS  MAIN 


COUPOMTIOill 

5  • 


INDUSTRIAL  CONDENSER  CORPORATION 

3243-65  NORTH  CALIFORNIA  AVENUE,  CHICAGO  18,  U.  S.  A. 
District  Offices  in  Principal  Cities 

PAPER,  OIL  AND  ELECTROLYTIC  MOTOR  CAPACITORS 


I  F-M  TRANSMITTER  (:ontinu,d) 

centric  line  connected  to  the  SO-ohni 
point  on  the  829B  tank  and  terminat¬ 
ing  in  a  small  coupling  loop  couples 
the  tank  circuit  of  the  driver  to  the 
grid  circuit  of  the  final  amplifier. 

In  the  grid  circuit  of  the  final  am¬ 
plifier  lumped  constants  are  used 
since  the  tubes  are  in  push-pull  and 
place  only  half  their  input  capaci¬ 
tances  across  the  grid  coil.  The  tubes 
in  the  final  stage  are  Eimac  type 
4-1 26 A.  A  potentiometer  in  the 
screens  of  the  829H’s  controls  the 
drive  to  the  final  amplifier  grids. 


Fig.  4 — Exciter  unit  of  tho  transmitter. 
The  motor  that  controls  the  primary  oscil¬ 
lator  tuning  capacitor  appears  at  lower 
left  aboTe  the  modulator  tubes 

To  obtain  high  efficiencies  out  of 
the  plate  circuit  of  the  final  ampli¬ 
fier,  linear  concentric  line  elements 
are  employed.  In  spite  of  all  pre¬ 
cautions  taken  to  prevent  external 
coupling  between  plate  and  grid  cir¬ 
cuits,  and  in  spite  of  the  fact  that 
special  sockets  were  constructed 
which  constituted  the  bypass  capaci¬ 
tors  for  the  screens  and  filaments  of 
these  tubes,  it  became  necessary  to 
neutralize  the  grid-to-plate  capaci¬ 
tance.  Because  of  the  original  soc¬ 
ket  construction,  it  was  not  feasible 
any  longer  to  attempt  to  tune  out 
the  screen-grid  lead  inductance. 

It  was  not  possible  to  cross-neu¬ 
tralize  in  the  conventional  manner 
because  the  neutralizing  leads  them¬ 
selves  offered  considerable  induc¬ 
tance  at  these  frequencies.  It  was 
necessary  to  use  a  neutralizing  coil 
and  metal  plates  placed  in  fairly 
close  proximity  to  the  anodes  of  the 
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MACHINED  STEATITE 

FOR  INTRKATt  CFRAMIC  DESIGNS 


OrigintI  AwarJ  Juir  27,  19*2 
5*eonJ  Awrd  Fgkrmmrr  12,  19*2 
Third  Award  Saptmmhwr  22,  19*2 
Fourth  Award  Mor  27, 19** 
fifth  Award  Docomkor  2,  19** 


RlSiM 


IF  your  equipment  requires  intricate  or  unusual  Ceramic 
designs,  we  can  furnish  machined  AlSiMag  Steatite  parts. 
Highly  specialized  equipment  of  our  own  design,  as  well  as 
conventional  machine  tools,  is  used  for  turning,  threading, 
drilling,  slotting  and  other  machine  operations.  Send  us  a 
sample  or  blueprint  of  your  design. 

AMIRICAM  LAVA  CORPORATION 

CHATTANOOGA  S,  TlNNiSSCi 


CERAMICS 

RNI  EUCnONIC  MD  ELECTtICAL  USES 


Quality  to  Highust 
Known  Standards 

Largo  Production 
Facilitios 

Rosoarch  and 
Enginooring 
CoHoboratiM 


5»5« 

i*»»j 

.r«54aSs 

,:.1s|kSIS|1s?§§ 
iS^\  r-lr.»'|^rsssHHissss^-FS 
iaSViPg^igpl^^Si^ 

«"^'^?lf-*j*^'^'25i'-rl3a8®SS|s85«a^S 


1000  FRAME  MOTOR 


1/2  HP  at  3900  RPM 


ILICTRICAL 

thimt  or  compound-wound 
UnMiroctional  or  lovorsiblo 
Optional  torque 
Optional  sp^ 
Optimum  offleianey 
For  control  dreuita 
Doetrte  braking  optional 


The  output— the  weight — 
the  size— of  these  4000 
Frame  Motors  are  features 
well  worth  remembering. 
Every  adaptation  of  the 
standard  design  is  engi¬ 
neered  for  the  precise 
requirements  of  an  air¬ 
craft,  portable,  or  indus¬ 
trial  application. 


MECHANICAL 

VontHatad  or  ondosod  typos 
Basa  or  flango  mounting 
Operation  in  any  position 
Low  space  factor 
Bal  bearing  equipped 
Optional  shaft  details 
Rugged  construction 


Waffs,  Output,  Con. 

(Max.) 

375 

746 

Torque  at  3900  RPM 

(ft,  lb$.) 

.65 

1.4 

Torque  at  6000  RPM 
Speed  Regulation 

(ft.  lbs.) 

8% 

.88 

Lock  Torque 

(ft.  lbs.) 

2.5 

4 

Volts  Input 

(min.) 

12 

24 

Volts  Input 

(max.) 

110 

110 

Diameter 

4" 

4" 

Length  Less  Shaft 

714" 

714" 

Shaft  Dia, 

(max.) 

.625" 

.625" 

Weight 

(lbs.) 

9.2 

9.2 

i  I  I  I  I  I 

Edcs®!^  De^ks,  1501  W.  Congress  St.,  Chicago,  U.S.A 


D.  C.  MOTORS  •  POWER  PLANTS 

hy  f  ,ij  Sf  .  N,-.v  Y  ti  'j  n  t  .,1,1, 


DYNAMOTORS 


F-M  TRANSMIHER  (continu.d) 

type  4-125A  tubes  to  obtain  satis¬ 
factory  neutralization. 

Tuning  of  the  lines  is  accomplished 
by  placing  a  small  capacitor  at  a 
point  of  low  impedance  across  the 
lines.  It  is  possible  to  use  a  capaci¬ 
tor  with  fairly  close  spacing  because 
no  d-c  potential  exists  across  it  and 
because  the  capacitor  is  placed  at  a 
point  of  low  r-f  potential.  The  out¬ 
put  power  from  the  final  amplifier 
tank  circuit  is  taken  off  by  means  of 
an  adjustable  coupling  link  terminat¬ 
ing  in  a  50-ohm  line. 


Twelve-Tube  F-M 
Handie-Talkie 

By  J.  M.  Lee 
Editorn’  Technical  AKsocintea 
New  York,  N.  Y. 

Designed  to  take  the  place  of  the 
famed  a-m  handie-talkie,  a  midget 
12-tube  f-m  transmitter-receiver  has 
been  developed  by  the  Signal  Corps 
Engineering  Laboratories.  Called  the 
AN/PRC-6,  the  set  weighs  eight 
pounds  and  is  designed  for  use  by 
foot  troops  in  short  distance  com¬ 
munication  on  the  front  lines,  either 
with  other  foot  troops  or  with  closely 
supporting  armored  vehicles.  The 
frequency  range  of  the  set  is  from 
47.0  to  55.4  me  and  it  is  designed  to 
operate  with  “B”  sets  of  the  Army’s 
vehicular  radio  transmitters  and  re¬ 
ceivers  (AN/GRC-3  to  8). 

The  unit  contains  nine  tubes  in 
its  receiver  and  three  in  its  trans- 


MOTOR 


DATA 
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^  One  of  the  most  versatile  relays  in  the  Leach  line,  the  2404  series,  with  Bakelite  base 
and  threaded  post,  or  the  2414  series  with  metal  base  and  solder  lug  terminals,  can  be 
adapted  to  control  or  protection  circuits  in  many  fields.  Bakelite  base  models  are  avail¬ 
able  in  contact  arrangements  up  to  DPDT.  Metal  base  models,  rated  8  Amperes,  115  VAC, 
Non-Inductive,  are  available  in  contact  arrangements  up  to  4PDT. 


5915  AVALON  BOULEVARD, 
electronics -/^orcA  1946 


LOS  ANGELES  3,  CALIF. 
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MXCR 


POWER 


F-M  HANDIE-TALKIE 


(coniinuad) 


mitter.  Eight  of  the  tubes  are  type 
2E31,  a  new  r-f  amplifier  tube,  about 
If  inches  long  and  not  much  bigger 
in  diameter  than  a  lead  pencil. 

Wider  Application 

The  set  was  designed  to  take  the 
place  of  the  five-tube  a-m  handie- 
talkie  SCR-536  because  nearly  all 
other  radio  sets  used  by  the  Army 
for  short-range  communication  are 
f-m.  Consequently,  it  is  impossible 
for  a  soldier  with  the  handie-talkie 
to  communicate  with  anyone  in  a 
tank  or  in  an  airplane  unless  they 
too  have  a  handie-talkie.  Another 
obvious  advantage  of  the  PRC-6  for 
Army  communications  is  its  ex¬ 
tremely  low  noise  level  under  certain 
conditions,  which  makes  compre¬ 
hensible  communication  possible 
where  a-m  reception  would  be  un¬ 
satisfactory. 

Both  the  transmitter  and  the  re¬ 
ceiver  of  the  PRC-6  are  contained 
in  a  box  6  inches  long,  3i  inches 
wide,  and  2i  inches  deep.  As  shown 
in  the  block  diagram,  the  receiver 
consists  of  an  r-f  amplifier,  mixer,  a 
CK556AX  in  the  crystal  oscillator 
and  oscillator  amplifier  stages,  three 
i-f  amplifiers,  a  limiter,  a  discrim¬ 
inator,  and  an  audio  amplifier.  The 
transmitter  has  a  master  oscillator 
and  power  amplifier  stages  using 
3A4's  and  an  automatic  frequency 
control  and  frequency  modulator 
stage. 

The  comparative  size  of  this  set 
may  be  had  by  contrasting  it  with 
the  35-pound  walkie-talkie  (SCR- 
300)  which  troops  dubbed  the 
breaky-backy.  The  PRC-6  weighs 


StogM  of  tho  now  i-m  hondio-talkio.  An 
omplliior  Is  nocoBsenry  to  obtain  sufficient 
powor  ot  tho  sixth  harmonic  of  tho  re- 
coiTor  oscillator 
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The  goalie's  eniferm  eon  be 
coonfed  on  to  provide  ffioximam 
protection  wherever  and  whenever 
needed— and  so  eon  INSL-X  ...  be* 
canse,  behind  every  gollon  of  INSL-X 
Insniotioa  Coatings  stands  INSL-X 
Research  Leadership— year  gnaran- 
tee  of  dependable  insnlotion. 


UfaroHra  o«  Roqoos# 


THE  iNSL-X  COMPANY  INC 


857  MEEKER  AVE.,  BROOKLYN  22.  N.  Y, 

CHICAGO  •  DETROIT  •  tOS  ANGELES  •  PHILADELPHIA 
CLEVELAND  •  ST  LOUIS 


INSL-X 

Sofvenffess 

fmpregnanfs 

In  use  b  mmufKturers  if  fine  wire 
coils,  resistors,  condensers,  trins- 
formers,  etc.  Provides  results  genenb 
superior  to  vimish  impregnition  with 
greiter  handling  esse,  lomsr  cost  «d 
easily  reproduceable  inform  results. 
INSl'X  Solventless  Impregnants  pro¬ 
vide  completelir  waterproof  seals  with 
wide  operating  thermal  range  (-SO* 
to  +120*  C.).  They  contain  no  sol¬ 
vent  and  do  not  attack  previous 
Insulation.  Any  desired  Ihidoiess  is 
obtakiaUe  with  1  appRcation.  Apply  hy 
vacuum  knpregnatiM  or  hot  dh. 


. .  .  this  greatest  ei  test  iastrumeats  has 
beea  tested  iato  top  raaking  repatatioa 

The  Simpson  260  has  out-sold  and  out-performed  every  other  even 
remotely  similar  test  instrument  in  the  electronic  and  electrical  fields 
ever  since  its  introduction  in  1939.  Through  the  ensuing  seven  years, 
covering  the  War  period,  circumstances  gave  it  a  gruelling  test  for 
accuracy  never  visioned  by  its  makers.  It  stands  today  as  irrefutable 
proof  that  Simpson  design  and  Simpson  quality  pnxluce  accuracy 
that  stays  in  an  instrument  year  after  year. 

The  demand  for  the  260  from  men  who  first  used  it  in  the  Armed 
Services  (in  laboratories  of  3(X)  government  agencies  and  universities, 
and  on  the  battlefields  the  world  around)  has  now  been  added  to  its 
enormous  popularity  among  radio  servicemen.  The  Simpson  260  is 
easily  the  world’s  most  popular  high-sensitivity  set  tester  for  television 
and  radio  servicing. 

The  basic  reason  for  this  out-selling  and  out-performing  by  the 
Simpson  260  is  this:  It  out-values  every  other  similar  instrument  in 
the  field.  You  cannot  touch  its  precision,  its  useful  ranges,  or  its 
sensitivity  in  any  other  instrument  selling  for  the  same  price  or  even 
substantially  more. 

\ 

SIMPSON  ELECTRIC  COMPANY 
S200-S21t  W.  KimU  St^  Chicago  44.  III. 


SIMPSON  240.  HlOH  SINSITIVITY  SIT  TISTII 
POR  nUVISION  AND  RADIO  SIRVICINO 

Rmo«t  tm  5000  YoH-Stk  A.C.  oiM  D.C. 

20,000  OkiNs  p0r  Volf  D.C. 

1000  OOiHs  pwr  Volf  A.C. 

At  20,000  ohms  per  volt,  this  instnimciit  is  far 
more  sensitive  than  aojr  other  instrument  even  ap- 
proachins  its  price  a^  quality.  The  practically 
negligible  current  consumption  assures  remarkably 
accurate  full  scale  voltage  readings.  Current  read¬ 
ings  as  low  as  1  microampere  and  up  to  500  milli. 
amperes  are  available. 

Resistance  readings  are  equally  dependable.  Tests 
up  to  10  megohms  and  as  low  as  Vi  ohm  can  be 
made.  With  this  super  sensitive  instrument  you 
can  measure  automatic  frequency  control  diode  bal* 
ancing  circuits,  grid  currents  of  oscillator  tubes 
and  power  tube,  bias  of  power  detectors,  auto¬ 
matic  volume  control  diode  currents,  rectified  radio 
frequency  current,  high-mu  triode  plate  voltage 
and  a  wide  range  of  unusual  conditions  which  can¬ 
not  be  checked  by  ordinary  servicing  instruments- 
Ranges  of  Model  260  are  shown  below. 


Prlco,  eomplofo  t 
Cnrrylaq  eoso  .... 

rrmi  tost  lends . . 

. yio.TT 

.  4.71 

VolU  D.C.  (At  20,000  Volts  A.C.  (At  1.000 

Output 

ohms  per  volt) 

ohms  per  volt) 

24 

24 

24  V. 

10 

10 

10  V. 

SO 

so 

SO  V. 

2S0 

2S0 

250  V. 

1000 

1000 

1000  V. 

5000 

5000 

5000  V. 

Milli-  Micro¬ 
amperes  amperes 

Ohms 

D.C. 

10  100 

0-1000  1 12  ohms  center) 

100 

b  100,000  1 1200  ohms  center) 

soo 

0-10  Megohms  (120,000  ohms  center) 

(S  Decibel  raages:  —10  to  <f  S2  Dl) 

ASK  rOUK  JOtiiR 
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(continuid) 


StagM  of  tho  now  f-m  hcmdlo-tolkio.  An 
ompllflor  ia  nocouory  to  obtain  guiiicinnt 
powor  at  tho  dxth  honnonic  of  tho  ra- 
coiror  oscillator 


857  MEEKER  AVE.,  BROOKLYN  22.  N.  Y. 

CHICAGO  •  DETROIT  •  LOS  ANGELES  •  PHILADELPHIA 


CLEVELAND  •  ST  LOUIS 


The  goalie's  eniform  eon  be 
counted  on  to  provide  nuaximum 
protection  wherever  and  whenever 
needed— ond  so  con  INSL-X  ...  be- 
conse,  behind  every  gallon  of  INSL-X 
Insnlotion  Coatings  stands  INSL-X 
Research  Leadership— your  guaran¬ 
tee  of  dependable  insulation. 


Uforafaro  o«  IIo«ms# 


INSL-X 

SofvenNess 

Impregnonfs 

in  use  by  manufKturers  if  fine  wire 
ceiis.  resistors,  cintensers,  irons* 
.fortners.  etc.  Provdes  results  generaly 
superior  to  vimish  bnpregnition  with 
greiter  handling  ease,  lotw  cost  and 
easily  reprodb^ibie  unHorai  results. 
IHSl-X  SoMless  bnpregnants  pro¬ 
vide  compieteiy  wituproof  seals  with 
wide  operating  Ihemal  range  (-SO* 
to  +120*  C.).  They  contain  no  sol¬ 
vent  and  do  not  attack  previous 
nsuhtion.  Any  desired  thkhness  is 
obtabiable  with  1  appfiutlon.  Apply  by 
vacuum  impregnation  or  hot  dh. 


THE  INSL-X  company  INC 


mitter.  Eight  of  the  tubes  are  type 
2E31,  a  new  r-f  amplifier  tube,  about 
11  inches  long  and  not  much  bigger 
in  diameter  than  a  lead  pencil. 

Wider  Application 

The  set  was  designed  to  take  the 
place  of  the  five-tube  a-m  handie- 
talkie  SCR-536  because  nearly  all 
other  radio  sets  used  by  the  Army 
for  short-range  communication  are 
f-m.  Consequently,  it  is  impossible 
for  a  soldier  with  the  handie-talkie 
to  communicate  with  anyone  in  a 
tank  or  in  an  airplane  unless  they 
too  have  a  handie-talkie.  Another 
obvious  advantage  of  the  PRC-6  for 
Army  communications  is  its  ex¬ 
tremely  low  noise  level  under  certain 
conditions,  which  makes  compre¬ 
hensible  communication  possible 
where  a-m  reception  would  be  un¬ 
satisfactory. 

Both  the  transmitter  and  the  re¬ 
ceiver  of  the  PRC-6  are  contained 
in  a  box  6  inches  long,  3i  inches 
wide,  and  21  inches  deep.  As  shown 
in  the  block  diagram,  the  receiver 
consists  of  an  r-f  amplifier,  mixer,  a 
CK556AX  in  the  crystal  oscillator 
and  oscillator  amplifier  stages,  three 
i-f  amplifiers,  a  limiter,  a  discrim¬ 
inator,  and  an  audio  amplifier.  The 
transmitter  has  a  master  oscillator 
and  power  amplifier  stages  using 
3A4’s  and  an  automatic  frequency 
control  and  frequency  modulator 
stage. 

The  comparative  size  of  this  set 
may  be  had  by  contrasting  it  with 
the  35-pound  walkie-talkie  (SCR- 
300)  which  troops  dubbed  the 
breaky-backy.  The  PRC-6  weighs 
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this  greatest  ef  test  instrumeats  has 
beea  tested  iate  tep  reeking  repatatioa 

The  Simpson  260  has  out-sold  and  out-performed  every  other  even 
remotely  similar  test  instrument  in  the  electronic  and  electrical  fields 
ever  since  its  introduction  in  1939.  Through  the  ensuing  seven  years, 
covering  the  War  period,  circumstances  gave  it  a  gruelling  test  for 
accuracy  never  visioned  by  its  makers.  It  stands  today  as  irrefutable 
proof  that  Simpson  design  and  Simpson  quality  produce  accuracy 
that  stays  in  an  instrument  year  after  year. 

The  demand  for  the  260  from  men  who  first  used  it  in  the  Armed 
Services  (in  laboratories  of  300  government  agencies  and  universities, 
and  on  the  battlefields  the  world  around)  has  now  been  added  to  its 
enormous  popularity  among  radio  servicemen.  The  Simpson  260  is 
easily  the  world’s  most  popular  high-sensitivity  set  tester  for  television 
and  radio  servicing. 

The  basic  reason  for  this  out-selling  and  out-performing  by  the 
Simpson  260  is  this:  It  out-values  every  other  similar  instrument  in 
the  field.  You  cannot  touch  its  precision,  its  useful  ranges,  or  its 
sensitivity  in  any  other  instrument  selling  for  the  same  price  or  even 
substantially  more. 

i 

SIMPSON  ELECTRIC  COMPANY 
S200-521t  W.  KinU  Chicago  44.  III. 


SIMPSON  2M,  HlOH  SSNSITIVITY  SIT  TUTII 
FOR  TIUVISION  AND  RADIO  SIRVICINO 

Paitaet  fe  5000  VMft— <•#*  A.C.  m»a  D.C. 

20,000  Okin*  per  Yelt  D.C. 

*  1000  Okm$  per  YeH  A.C. 

At  20,000  ohnas  per  volt,  this  instrument  is  far 
more  sensitive  than  any  other  instrument  even  ap¬ 
proaching  its  price  a^  quality.  The  practically 
negligible  current  consumption  assures  remarkably 
accurate  full  scale  voltage  readings.  Current  read¬ 
ings  as  low  as  1  microampere  and  up  to  500  milli- 
amperes  arc  available. 

Resistance  readings  are  equally  dependable.  Tests 
up  to  10  megohms  and  as  low  as  Vi  ohm  be 
made.  With  this  super  sensitive  instrument  you 
can  measure  automatic  frequency  control  diode  bal¬ 
ancing  circuits,  grid  currents  of  osdilator  tubes 
and  power  tul^,  bias  of  power  detectors,  auto¬ 
matic  volume  control  diode  currents,  rectified  radio 
frequency  current,  high-mu  triode  plate  voltage 
and  a  wide  range  of  unusual  condidons  which  can¬ 
not  be  ebedeed  by  ordinary  servicing  instruments- 
Ranges  of  Model  260  are  shown  below. 


Prico.  eomplefa  with  test  loads . 

. .$22.25 

CafTyiag  ease  .... 

.  4.7$ 

VoKs  D.C.  (At  20,000  Volts  A.C.  (At  1.000 

Output 

ohms  per  voK) 

ohms  per  voH) 

2J 

IS 

24  V. 

10 

10 

10  V. 

M 

50 

SO  V. 

250 

250 

250  V. 

1000 

1000 

1000  V. 

5000 

5000 

5000  V. 

Mill!-  Micro- 

amperes  amperes 

Ohms 

D.C. 

10  100 

0-1000  1 12  ohms  center) 

100 

0-100,000  1 1200  ohms  center) 

500 

0-10  Megohms  (120,000  ohms  center) 

(5  Decibel  ranges:  —10  to  -f  52  Dl) 

ASR  rOUR  JOftiR 
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F-M  HANDIE-TALKII  (conti„u,d) 

about  a  fourth  as  much,  and  is  so 
distributed  on  the  soldier’s  person 
that  it  is  virtually  impossible  for 
enemy  snipers  to  identify  him  as  a 
key  communication  man. 

The  power  supply  is  housed  in  a 
case  with  a  total  capacity  of  about 
60  cubic  inches.  Development  is 
going  forward  on  a  new  type  dry 
battery  which  shows  promise  of  be¬ 
ing  capable  of  operating  the  set  for 
from  four  to  six  hours,  when  the  set 
is  worked  on  the  usual  ratio  of  two 
minutes  receiving  to  one  minute 
transmitting. 

The  sub-miniature  2E31  has 
roughly  the  same  electrical  charac¬ 
teristics  as  the  prewar  miniature 
pentode  ILN6,  but  is  about  one-tenth 
the  size.  While  it  suffers  by  com¬ 
parison  from  the  standpoint  of 
transconductance,  having  600  /imhos 
instead  of  700  for  the  ILN6,  its  ratio 
of  gain  over  consumed  battery  power 
is  better. 


OPEN  BLADE 

SWITCHES 


Receiver  Oscillator  Amplifier 

The  receiver  local  oscillator  is  con¬ 
trolled  by  a  10-mc  crystal  and  since 
the  set  itself  uses  a  frequency  from 
47.0  to  55.4  me  to  produce  an  i-f  of 
4.3  me,  the  sixth  harmonic  of  the 
crystal  is  used  rather  than  its  funda¬ 
mental  frequency.  This  results  in  a 
relatively  low  oscillator  output, 
hence  the  need  for  the  amplifier 
stage  between  the  crystal  oscillator 
and  the  mixer. 

The  crystal  used  in  the  oscillator 
is  typical  of  those  developed  for 
Army  radio  sets  where  pretuning  at 
given  frequencies  is  desirable  for 
radios  in  a  given  tactical  unit  or 
area.  They  do  away  with  the  neces¬ 
sity  of  tuning  by  the  operator,  and 
insure  immediate  on-frequency  com¬ 
munication.  The  frequency  can  be 
changed  in  such  sets  only  by  remov¬ 
ing  the  crystal  and  inserting  an¬ 
other  of  different  frequency,  usually 
at  third  or  fourth  echelon  radio  re¬ 
pair  shops. 

The  crystal  oscillator  in  the  re¬ 
ceiver  is  also  used  for  indirect  con¬ 
trol  of  the  transmitter  frequency. 
This  is  accomplished  by  keeping  the 
receiver  turned  on  when  the  set  is 
transmitting  so  it  receives  its  own 
signal.  When  the  signal  produced 
by  the  transmitter  self -excited  oscil¬ 
lator  varies  from  the  pretuned  cry¬ 
stal-controlled  frequency  of  the  re¬ 
ceiver,  the  automatic  frequency  con- 


Check  these  Advantages 


LONGER  LIFE — based  on  ACRO  patented  beryllium 
Rolling  Spring  principle.  Some  ACRO  Switches  are 
guaranteed  for  ten  million  operations. 

ALL  SHAPES  AND  SIZES— requiring  less  space— 
to  fit  any  conceivable  need  of  your  new  units.  Will 
perform  perfectly,  mounted  in  any  position. 

OPERATING  CHARACTERISTICS  TO  FIT  THE  JOB 

— 1,  2  and  3  poles — single  throw  or*  double  throw. 
Return  type,  set  type — wide  range  of  operating 
pressures.  Many  applications  solved  by  multiple 
mountings. 

GREATER  DEPENDABILITY— Careful  designing  and 
manufacturing,  producing  positive,  fast  action  and 
greater  contact  pressures,  make  ACRO  Snap-Action 
Switches  sturdy  and  trouble-free. 

RATINGS— 15  Amps,  at  125  volts  A.C 

Send  in  your  engineering  details  for  quick  help. 


1316  Superior  Avenue 
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m  o  was  it  that  scared  the  little  Austrian 
paper  hanger  to  death?  Who  was  it  that  busted  the 
Bulge?  Who  was  it  that  brought  the  son  of  heaven 
clown  off  his  white  horse?  Who  gets  the  credit  for 
Y-E  Day? 

Why,  the  brass  hats  and  G.  I.  Joe.  The  financier  be¬ 
hind  his  polished  desk.  The  nation’s  industrialists  who 
converted  their  plants  into  arsenals  of  war.  Labor 
working  three  shifts,  racing  against  time.  The  house¬ 
wife  wrestling  with  ration  stamps,  junior  and  Little 
Sister  collecting  waste  paper  and  tin  cans. 


It  was  all  of  them  —  all  America  working  together  for 
a  common  purpose.  It  took  a  war  to  show  us  what  we 
could  accomplish  when  we  pooled  our  efforts.  It  sur¬ 
prised  us,  and  astounded  our  enemies,  the  rate  we 
could  produce  and  the  way  we  could  fight. 

A  nation  that  can  do  a  job  like  that,  can  certainly 
solve  its  peacetime  problems. 


ENERAL  Instrument  corporation 


0  1946.  GENERAL  INSTRUMENT  CORP. 
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(continued) 


trol  circuit  pulls  the  master  oscil¬ 
lator  back  on  frequency. 

Crystal  Detector 

The  discriminator  in  the  receiver 
employs  a  two-crystal  detector.  This 
type  saves  considerable  space  over 
what  would  be  required  for  a  tradi¬ 
tional  diode  arrangement  and  the 
crystals  are  a  refined  version  of  the 
old  cat-whisker  detector.  Experi¬ 
ments  are  going  forward  on  such  de¬ 
tectors  using  both  germanium  and 
selenium. 

At  present  the  set  has  a  quarter- 
wave  rod  antenna  about  five  feet 
long.  Further  experiments  are  be¬ 
ing  conducted  with  an  antenna  that 
is  wholly  or  largely  concealed. 
Among  others,  one  consisting  of  a 
single  loop  around  the  GI  helmet  is 
being  tried. 

For  military  use,  the  set  should 
be  capable  of  sending  or  receiving 
for  a  distance  of  one  mile  in  mildly 
rolling  terrain  and  have  a  range  of 
300  yards  in  heavy  jungle.  Trees 
and  shrubs  absorb  the  radio  waves 
to  such  an  extent  that  satisfactory 
communication  over  greater  distan¬ 
ces  is  extremely  difficult. 


highw 


Those  are  not  claims, 
but  facts  —  attested  to 
by  many  hundreds  of 
Blaw-Knox  Vertical 


Radiators  now  boost¬ 
ing  the  coverage  and 
clarity  of  America’s 


major  stations 


BLAW-KNOX  DIVISION 

•f  Blaw-KiMx  Company 
2077  FtHtnort  Bonk  Bldg. 
FHttborgli,  Po. 


Portable  Television  Console 

All  control  gear  necessary  for 
operation  of  two  television  cameras 
has  been  compressed  into  the  unit 
which  is  shown  in  Fig.  1  with  its 
designer,  Klaus  Landsberg,  direc¬ 
tor  of  television,  W6XYZ.  It  in¬ 
cludes  the  synchronizing  pulse  gen¬ 
erator,  sweep  signal  generator, 
power  supplies,  and  monitoring 
units. 

Station  W6XYZ  is  the  Para¬ 
mount  Pictures*  television  subsidi¬ 
ary  in  Holl3rwood,  Calif.,  and  the 
equipment  has  resulted  from  prac¬ 
tical  operating  experience  by  the 
engineering  group  there.  Its  basic 
inspiration  is  credited  to  the  Du¬ 
Mont  suitcase  line  of  apparatus. 

The  front  panels  drop  as  shown 
in  Fig.  2  to  reveal  the  power  sup¬ 
plies.  Behind  them  can  be  seen  the 
blades  of  cooling  fans  which  circu¬ 
late  air  throughout  the  entire  as¬ 
sembly,  discharging  it  from  louvers 
at  the  rear  of  the  top  cover.  Al¬ 
though  there  are  more  than  200 
tubes  in  operation,  the  working 
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PROOF  BY  TRUL  .  .  .  that’s 
our  motto.  Before  you  invest  in 
electronic  heating  equipment  you 
should  be  shown  how  any  process 
requiring  heat  can  be  done  hetler, 
fatter  and  more  economically  for 
you  with  a  Scientific  Electric  unit. 

Our  engineers  will  gladly — without  obligation--^ 
make  a  study  of  the  heating  process  under  considera* 
tion.  They  will  then  make  recommenilations  sup¬ 
ported  by  practical  demonstrations  on  the  S.E. 
heater  liest  suited  for  the  job. 

This  procedure  will  enable  you  to  figure  accu¬ 
rately  the  economies  that  will  result;  also  permit  you 
to  estimate  the  time  required  to  pay  for  the  equip¬ 
ment  out  of  resultant  savings. 

You  can  submit  your  heating  problems  to  us  with 
the  assurance  that  absolute  secrecy  will  be  observed, 
if  so  desired.  Investigate  the  advantages  of  applying 
electronic  heating  in  your  manufacturing  operations 
^OW.  Consult  with  us  at  your  earliest  opportunity. 

IFrife  /or  free  copy  of 
The  ABC  of  Electronic  Heating 

Monufocturars  of 

Vasuuin  Tubo  ond  Spork  Gap  Convortors  SiiM  1921 


^ 


3  KW  DIELECTRIC  HEAHR 

Di*l*ctric  Heating  Simifl 
Units  priced  from  IwUUe 
(3  KW  complete) 


5  KW  INDUCTION  HEATER 

Induction  Heating 

Units  priced  from  IfcUU. 

(for  5  KW  complete 
with  1  work  ceil) 


DIVISION  OF  "S'*  CORRUGATED  QUENCHED  GAF  COMPANY 


Ilf  MONKOI  ST. 


GARFIILD,  N.  J. 


Scisntifle  Electric  Electronic  Heoters 
are  made  in  the  following  range  of  power; 
3 — 5— ZVa— 8— 1 0—1 2Vi—}  5—1 8 — 25— 
40 — 60 — 80 — 100 — 250  KW.  —  and  range 
of  frequency  up  to  300  Megacycles  depend¬ 
ing  on  power  required. 
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ELECTROFORMING 


YOU  ARE  LOOKING  INTO  A  RADAR  WAVE  GUIDE  MADE  BY  A  NEW  TECHNIQUE  —  ELECTROFORMING 


TO  ASSURE  NEW  PREaSION  FOR  INTERNAL  SHAPES 


Manufacture  of  complex 

metal  parts,  of  almost  any  cross- 
section  and  shape — curve,  spiral, 
taper,  twist,  or  combinations — where 
the  f'nner  surface  requires  high  finish 
and  close  dimensional  tolerance  . . . 
this  long  difficult,  often  impossible 
operation  becomes  practical  and 
economical  with  the  United  States 
Rubber  Company’s  new  production 
method— Electrofbrming. 

Electroforming,  a  highly  developed 
process  of  electrolytic  deposition, 
builds  up  the  article  to  the  desired 
thickness,  from  iron,  copper,  nickel, 
or  other  metals,  plated  alone  or  in 
laminated  combinations.  For  the  first 
time  these  metals  can  be  electrically 
deposited  in  any  desired  contour,  and 
yield  a  homogeneous,  high  strength 
structure  of  predetermined  qualities 
. . .  and  on  a  production  basis. 

Electroformed  articles  are  built 
around  forms  or  matrices  which  are 
prepared  by  conventional  methods  to 
impart  the  desired  dimensions  and 
suHace  'finish  to  the  interior  of  the 
article.  Use  of  an  electri¬ 
cally  ^  conductive '  parting 
compound  prevents  ad¬ 
hesion  of  the  deposited 
metal  to  the  matrix,  facili¬ 
tates  removal  of  the  matrix 
and  contributes  to  the  pol¬ 
ished  nature  of  the  interior 
surface.  In  cases  where 
the  Electroformed  article 
is  straight  or  in  the  form 
of  a  simple  curve,  the  ma¬ 
trix  or  mandrel  may  be  re¬ 


OwllyaMl 


far  Norm  vf  thh  shop*. 


moved  integrally  and  used  repeatedly; 
in  complex  structures,  the  matrix  is 
of  a  low  fusing  metal  that  is  melted 
out  and  re-formed  in  a  master  mold— 
its  surface  (external)  being  inspected 
and  polished  before  subsequent  use. 

Produced  as  a  unit,  Electroformed 
articles  are  free  from  the  difficulties 
with  joints  that  plague  items  as¬ 
sembled  from  sections.  Being  a  room 
temperature  process.  Electroforming 
avoids  trouble  with  shrinking  or 
other  thermal  stress.  With  the  metal 
deposited  in  the  desired  shape,  there 
are  no  mechanical  stresses  in  Electro¬ 
formed  units  . . .  corners  and  curves 
are  sharp  and  true.  Heavier  metal  can 
be  deposited  at  corners  for  reinforce¬ 
ment,  if  desired. 

The  performance  of  radar  horns, 
where  fidelity  of  the  reproduced 
image  depends  on  optical  accuracy  of 
the  horn’s  interior  surface,  proves  the 
high  degree  of  surface  and  dimen¬ 
sional  perfection  attained  throughout 
the  structure.  The  large  picture  above 
shows  multiple  reflection  effect  seen 
when  looking  into  our 
wave  guide — proof  of  the 
finish  resulting  from  Elec¬ 
troforming. 

The  technical  staff  of 
the  United  States  Rubber 
Company  Electroforming 
Department  will  be  glad  to 
discuss  specific  applica¬ 
tions  or  performance  of 
the  Electroforming  proc¬ 
ess — your  inquiry  is  in¬ 
vited. 


•Invihmm  •! 


Sf^e9«pu)e 


Litten  to  "Science  Looks  Forward"— new  series  of  tsdks  by  tke 
greet  scientists  of  America — on  the  PkUharmonie-Symphony 
Program.  CBS  network,  Ssinday  afternoon,  3d)0  to4t30E.5,T, 


UNITED  STATES  RUBBER  COMPANY 


KLKCTROFORMIMQ  DKPARTMEMT 

6600  lAST  JIPPIRSON  AVINUI  •  DITROIT,  M  I  C  H  I  O  A  N 


TELEVISION  CONSOLE  (eontinu.d) 


Fig.  1 — ^Klous  Londsborq  and  th*  ttla- 
mobil*.  portabU  toUvUlon  console,  de¬ 
veloped  at  W8XYZ,  Paramount  Pictures' 
station  in  Hollywood 


temperature  is  kept  well  below  a 
point  of  damage  to  the  components. 

Designed  to  combine  a  fatigue- 
free  operator  position  and  good 
visibility  of  the  stage,  the  unit 
gives  better  accessibility  for  main¬ 
tenance  than  rack  and  panel  instal¬ 
lations.  Figure  3  shows  the  cover 
lifted  back  and  two  of  the  equip¬ 
ment  bays  hinged  forward  to  bring 
both  the  tube  side  and  the  wiring 
side  into  convenient  reach.  The 
large  access  panel  on  the  end  covers 
the  more-permanently-set  blanking 
and  sweep  signal  controls. 

Shock  mounts  are  used  through- 


Fig.  2 — ^Low«r  ponols  of  the  tolomobile 
carry  pow«r-«upply  chouis  in  convenient 
portion  for  Mrvico  occoss.  A  unall  com¬ 
partment  containe  tools 
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KLUGE 


•  Photographic  view  of  the 
CALIFORNIA  KILOWATT 
in  open  position  and  ready  to 
transmit  or  receive. 


A  few  terrhori—  ore  tHil  available  to  quaNAed 
cKstribulora.  Write  or  vifra  Kh*ge  Eleetretike,  Inc. 


Myron  E.  Kluge,  President  of  Kluge  Electronics,  Inc.,  proudly  presents  to 
the  radio  amateurs  of  the  world  a  new  sensation  in  radio  history.  The 
CAUFORNIA  KILOWAH-o  "one  podcage"  1000  wott  amateur  radio 
station  designed  and  engineered  to  bring ,  amateur  radio  out  of  the 
ottk  and  the  shade  and  into  the  living  room. 

About'  the  sixe  of  an  ordinary  desk,  the  CALIFORNIA  KILOWATT  is 
simply  and  booutifully  designed  to  fit  into  your  den  or  living  room  os 
neatly  ond  harmoniously  as  an  additional  piece  of  furniture  with  no 
dutter  or  moss.  It  is  completely  self-<ontained  with  nothing  to  be  added. 

Kluge  Electronics,  Inc.,  is  the  first  to  conceive,  design  and  produce  this 
remarkable  contribution  to  modern  radio.  Among  the  special  Kluge 
features  designed  into  the  CAUFORNIA  KILOWAH  are: 


1.  A  California  Kilowatt  transmitter  with  an  amazing  new  tube  devel¬ 
opment— 5  baitd  operation  with  variable  frequency  control  in  ooch 
band— phone  or  CW  at  the  throw  of  a  switch— 1 10  or  220  voh  operation; 

0  _ i._t _ _ • _ _* _ 1 _  ^ 


3.  BuiltHn  speaker  —  (high 
fidelity  remote  speaker  oho 
available); 

4.  Built-in  frequency  moni¬ 
tor— all  bond  crystal  con¬ 
trolled; 

5.  Built-in  world  time  clock; 

6.  Illuminated  world  map 
with  cork  backing; 

7.  Price-the  complete  CAU- 
FORNIA  KAOWAH  Station 
costs  for  lees  than  you  would  expect  to  pay  for  a  transmitter  olone. 

Premiere  showings  of  the  Kluge  CAUFORNIA  KAOWATT  will  be  held 
in  key  cities  soon  throug^wut  the  nation  by  America's  leoding  whole* 
sale  distributors.  For  oddHional  information  about  the  CAUFORNIA 
KILOWATT  write  to  Kluge  Electronics,  Inc,  Dept.  B1, 1031  N.  Alvarado 
Street,  Los  Angeles  26»  Calif. 


The  CALIFORNIA  KILOWAH 
in  closed  position 


electronics  — McrcA  1946 


203 


c#*  )> 


out  against  damage  and  micro¬ 
phonics.  The  small  compartment  to 
the  right  and  above  the  right-hand 
power-supply  chassis  contains  tools 
and  servicing  gear.  Meters  and  cro 
are  built-in  and  can  be  switched 
into  any  part  of  the  circuits  for 
testing. 

In  operation,  the  telemobile,  as  it 
has  been  named,  requires  no  cabling 
between  individual  sections.  The 
only  connections  are  the  110-v 
power  and  two  camera  cables  which 
can  be  attached  in  a  few  seconds. 
Coaxial  cable  connectors  are  pro¬ 
vided  on  the' left  end  for  line  patch¬ 
ing.  For  field  pickups,  operation 


(continutd) 


•  Seittron  rectifiers  can  be 
used  with  great  efficiency 
and  dependability  wherever 
direct  current  is  required. 

•  A  product  of  the  Radio 
Receptor  Company,  for  over 
23  years  manufacturers  of 
electrical,  radio  and  elec¬ 
tronic  equipment,  that  has 
met  the  highest  standards  of 
industry  as  well  as  rigid 


Army  and  Navy  specifica¬ 
tions. 

•  Simple  and  rugged  in  con¬ 
struction  with  no  moving 
parts  to  cause  maintenance 
worries,  Seletron  rectifiers 
are  obtainable  in  seven 
standard  sixes  from  V'  to 
4H"  diameter  and  5"  x  6" 
rectangular  plates  providing 
from  25  milliamperes  to 
1000s  of  amperes  output. 


forhr  dc/fvtry  can  mnf. 

for  comploft  tmthnieal  informtftion  writ*  for  boofcfot,  "Soltfron.' 


from  a  station  wagon  is  possible 
because  of  the  small  size  of  the  unit, 
while  in  stations  involving  a  large 
number  of  studios,  it  is  wheeled 
from  studio  to  studio  on  its  rubber- 
tired  wheels  and  thus  obviates  the 
need  for  duplicate  equipment.  In 
a  large  studio,  it  can  be  placed  be¬ 
hind  the  window  in  the  wall  nearest 
the  action. 

Where  more  than  two  cameras 
are  required,  any  number  of  tele- 
mobiles  can  be  combined.  Addi¬ 
tional  units  are  smaller  in  size  since 
they  do  not  require  synchronizing 
and  sweep  generators  nor  line  am¬ 
plifiers.  The  unit  has  proven  its 
worth  during  actual  operating  con¬ 
ditions  at  W6XYZ. 


MADE  ON 
ALUMINUM 


Fig.  3 — Tant-shaped  lop  Hits  ior  mctinte- 
ncmc*  and  repair  of  operating  units 
which  hinge  forward  without  being  dis¬ 
connected.  Bottom,  one  of  the  two 
camera  cables,  the  other  being  at  the 
opposite  end  with  the  power  plug  and 
coaxial  line-patching  plugs 


TELEVISION  CONSOLE 
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Wave  Makers 


**A  leaping  trout  awakens  the  still 
pool  to  life  in  waves  that  move  in 
silent  rhythm/* 

In  the  same  way,  when  you  speak 
over  the  telephone,  vibrating  elec¬ 
tric  currents  speed  silently  away 
with  the  imprint  of  your  voice  over 
the  wire  and  radio  highways  of  the 
Bell  System. 


Tomorrow’,  the  vibrations  will  be 
the  living  pictures  of  television.  All 
are  examples  of  wave  motion. 

How’  to  produce,  transmit  and 
receive  electrical  w’ave  motion  is 
the  basic  problem  of  the  communi¬ 
cation  art. 

Bell  Telephone  Laboratories, 
which  exist  primarily  to  invent  and 


tlevelop  better  communications  for 
the  Bell  System,  devote  the  teamed 
efforts  of  physicists  and  mathema¬ 
ticians  to  the  production  and  con¬ 
trol  of  electric  w’aves  in  all  forms. 

Out  of  these  fundamental  studies 
have  come  the  discoveries  w’hich 
keep  the  Bell  System  at  the  fore¬ 
front  of  the  communication  art. 


BELL  TELEPHONE  LABORATORIES 


EXPLORING  AND  INVENTING,  DEVISING  AND  PERFECTING,  FOR  THE  CONTINUED  IMPROVEMENT  OP  TELEPHONE  SERVICE 
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Massive  Speaker  Cabinet 

By  Christian  A.  Volf 

Director  of  Rettearch 
Rohintton-Houcnin  Optical  Co. 
Columbuft,  Ohio 


Tracing  the  development  of  sound 
reproducers,  we  fail  to  find  where 
old  and  proven  acoustic  theories  have 
been  given  consideration.  Instead, 
complicated  theories  and  applications 
have  been  developed. 

Reverberation 

There  are  certain  fundamentals 
which  govern  good  acoustical  effects. 
From  “Sensations  of  Tone”  by  Helm¬ 
holtz,  the  fundamental  formulas  cov¬ 
ering  acoustical  principles  can  be 
applied  to  present  day  loudspeaker 
design  with  greater  success  than  the 
experimental  designs  that  have 
appeared  in  the  past  25  years. 

Helmholtz  suggested  that  echoes 
and  reverberations  of  musical  sounds 
are  as  important  to  quality  as  are 
true  vocal  cords  (instead  of  false 
ones)  to  the  voice.  He  states  that 
echoes  and  reverberations  should  not 
be  absorbed.  However,  in  contempo¬ 
rary  acoustics,  major  attention  has 
been  given  to  the  elimination  by  ab¬ 
sorption  of  echoes  and  reverbera¬ 
tions.  Although  architects  and 
acoustical  designers  have  formulated 
many  fantastic  shapes  in  order  to 
produce  good  acoustical  results  in 
theaters,  large  enclosures,  or  out¬ 
doors,  the  best  acoustic  conditions 
are  found  in  some  of  our  older  build¬ 
ings.  New  architectural  designs  do 
not  always  produce  as  good  results 
as  we  find  in  old  brick  structures. 

Superiority  of  Old  CariUona 

In  steel  and  concrete  structures 
one  should  not  look  for  good  acoustics 
regardless  of  the  plasters  that  may 
be  used  on  the  inner  walls.  It  is  not 
that  the  concrete  mass  is  detrimental 
but  that  the  steel  girders,  which 
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form  the  skelton  of  the  structure, 
conduct  the  sound  away  from  where 
it  is  wanted. 

Compare  the  sound  effects  and  dis¬ 
tribution  from  many  famous  caril¬ 
lons  in  the  European  countries;  they 
can  be  heard  from  miles  away.  The 
same  is  true  with  relatively  small 
bells  in  villages  where  churches  are 
often  of  brick  or  wood  structure.  The 
chief  reason  for  such  good  effects  is 
the  fact  that  the  bells  are  not  sus¬ 
pended  from  or  anchored  to  steel 
girders  but  are  suspended  from 
heavy  oak  planks. 


As  a  matter  of  illustration,  one 
need  only  observe  the  carillons  of  the 
Riverside  Church  in  New  York  or 
the  Mellon  Church  in  Pittsburgh. 
They  are  among  our  latest  belfry 
towers  and  yet  one  has  difficulty 
hearing  them  with  reasonable  fidelity 
a  block  away.  The  reason  for  this 
poor  acoustical  result  has  little  to  do 
with  the  openings  in  the  belfry,  its 
shape  or  its  height.  The  poor  acous¬ 
tics  rests  chiefly  upon  the  fact  that 
more  than  75  percent  of  the  total 
output  is  carried  through  the  steel 
girders  and  grounded  directly  into 
the  foundation  of  the  church  proper. 
As  evidence,  those  who  are  familiar 
with  the  famous  carillons  in  Euro¬ 
pean  countries  can  best  bear  witness 
to  the  great  difference  represented 
in  the  beauty  of  the  sounds  coming 
from  our  famous  cathedrals  and 
those  which  came  from  the  carillons 
in  Mechlin,  Ghent,  Antwerp,  Bruges, 
and  Namur  which  far  excelled  the 
results  obtained  in  any  of  our  mod¬ 
ern  architectural  church  structures 
employing  carillons. 

Individually  Designed  Speaker  System 

When  sound  motion  pictures  were 
first  introduced  into  our  theaters, 
many  new  forms  and  shapes  of  am- 


DEATH  AND  DESTRUCTION 


Rodio  controlled,  rocket  powered  bomb  being  developed  at  the  close  of  the  war 
wot  to  be  launched  from  shipboard.  It  would  roce  straight  upward  for  10.000 
ft  at  400  mph.  A  proximity  fuse  would  detonate  the  lOO-lb^  general  purpose 
charge  If  the  bomb  approoched  Its  target 
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PRECISION  RESISTORS 

AccuMte 


Available  from  Stock  •••  or  Made  to  Order 

OHMITE  presents  a  new  line  ...  a  full  line  ...  of  finer  precision  resistors!  Every 
type  .  .  .  every  size  .  .  .  ready  for  every  need!  Each  Riteohm  is  designed  and  built 
with  all  the  specialized  skill  and  experience  that  have  made  OHMITE  units  the 
standard  in  this  field.  However  critical  the  application  . . .  consistent  accuracy  and 
reliability  are  assured.  In  these  Riteohms,  you  get  time-proved  protection  against 
humidity,  temperature  and  corrosion. 

Ideal  for  use  in  voltmeter  multipliers,  laboratory  equipment,  radio  and  electri¬ 
cal  test  sets,  attenuation  pads,  and  in  electronic  devices  requiring  extremely  ac» 
curate  resistance  components. 

AVAILABLE  FROM  STOCK  in  Vi  watt  and  1  watt  units  in  a  wide  range  of 
values,  in  various  types  of  mountings  and  terminals  ...  or  made  to  order.  Com¬ 
plete  line  of  6  different  series  includes  non-inductive  pie-wound  vacuum  impreg¬ 
nated  units  . . .  single-layer  wound  vitreous  enameled  units  . . .  and  non-inductive 
pie-wound  hermetically  glass  sealed  units.  Some  units  are  in  a  range  of  0.1  ohm 
to  2,000,000  ohms.  Get  full  facts  today! 

OHMITE  MANUFACTURING  CO.,  4818  Flournoy  St.,  Chicago  44,  U.S.A. 


This  handy  Ritaohnt  BulUtin 
tnakas  it  aasy  for  you  to 
sdoct  th«  exact  units  for 
your  needs.  Gives  complete 
data  .  .  .  lists  stock  units 
and  made-to-order  units . . . 
includes  dimensional  draw¬ 
ings.  Write  for  it  now. 


^^^^■RIEOSTATS  •  RESISTORS  •  TAP  SWITCHES 
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SPEAKER  CABINET 


(continued) 


The  heart  of  every  Burlington  Instrument  — 
and  the  reason  for  its  high  degree  of  depend* 
ability  —  is  the  Burlington  Precision  Move- 
V  .  .  ment. 

Design,  material,  and  manufacturing  proc¬ 
esses  are  selected  in  such  a  manner  that 
Burlington  gives  you  a  rugged  instrument  — 
which  may  be  subjected  to  rough  usage  —  and 
still  retain  its  original  calibration  characteristics.  All  DC  instru¬ 
ments  employ  Alnico  magnets  which  are  known  to  be  more  highly 
resistant  to  shock,  heat,  vibration,  and  stray  fields  than  any  other 
magnetic  material. 

All  ranges  AC  &  DC  are  available  in  3^"  and  4^''  sizes, 
both  square  and  round,  flush  mounting. 

Engineering  Service  Furnished  for  Specialized 
Applications,  No  Obligation,  Write  Today  for 
Further  Information, 

BURLINGTON  INSTRUMENT  CO. 

107  FOURTH  STREET  BURLINGTON,  IOWA  I .  ^ 


PANEL  INSTRUMENTS  •  VOLTAGE  REG 
ULATORS  •  AUTOMATIC  SYNCHRO¬ 
NIZERS  •  FREQUENCY  REGULATORS 


plifying  horns  ’were  developed  to 
achieve  natural  hearing  results  in 
the  many  sizes  and  types  of  architec¬ 
tural  enclosures  but  somehow  the 
problem  has  never  been  satisfactorily 
solved.  On  the  other  hand,  the  thea¬ 
ters  have  been  built  to  suit  the 
sound  equipment.  One  of  the  largest 
theaters  to  be  built  promised  to  be 
the  last  word  in  perfection  in  the 
acoustical  arts.  It  was  highly  unsat¬ 
isfactory.  We  are  still  designing 
theaters  to  suit  the  sound  system 
and,  when  the  theater  has  been  com¬ 
pleted,  we  often  must  then  redesign 
our  sound  system  to  suit  the  new 
theater.  And  acceptable  system  must 
be  worked  out  for  each  individual 
theater.  This  procedure  is  costly  and 
could  be  avoided  if  we  would  return 
to  well  known  acoustic  principles 
which  have  proven  to  be  excellent 
wherever  they  are  employed. 

The  foregoing  history  has  merely 
been  cited  to  convince  those  inter¬ 
ested  in  the  acoustical  arts  that  the 
selected  building  material  and  its 
mass  is  of  greater  importance  than 
the  shape  within  the  theater  as  long 
as  we  do  not  totally  disobey  certain 
physical  laws  of  shapes  as  was  the 
case  in  the  formula  embodied  in  the 
ceiling  of  the  Radio  City  Music  Hall. 
The  chief  objection  to  that  ceiling 
was  that,  instead  of  introducing  an 
expansion  factor,  it  introduced  sharp 
reflective  surfaces  which  resulted  in 
too  many  echoes  when  it  was  first 
tried.  It  was  tolerably  corrected  with 
sound  absorbtion  materials  through¬ 
out,  and  then  an  abnormal  increase 
of  loudspeaker  units  became  neces¬ 
sary  to  overcome  the  deadening  ef¬ 
fects  on  sound.  The  mistakes  made 
in  such  outstanding  structures  are 
unnecessary  if  we  use  the  knowledge 
available  in  the  science  of  acoustics. 

General  Purpose  Chamber 

The  illustrated  resonator  and 
sound  distributor  makes  great  prog¬ 
ress  toward  perfection  of  good 
acoustics  within  large  enclosures  as 
well  as  out  of  doors  sound  amplifica¬ 
tion.  Theoretically  and  in  practice  it 
represents  well  known  acoustical 
principles  and  disobeys  none  of  the 
acoustical  laws.  As  has  just  been  ex¬ 
plained,  it  does  not  ground  the  sound 
as  would  a  metal  mount.  The  rela¬ 
tionship  of  air  column,  mass,  and 
quality  of  material,  as  well  as  form 


(IN  RADAR) 


fire  CONTROL) 


Shipboard  cable 
insulated  with 


The  shipboard  cables  here  iUustrated  furnish  an¬ 
other  striking  example  in  the  growing  list  of 
difficult  insulation  jobs  done  capably  by  Du 
Font’s  versatile  plastic,  polythene.  These  cables, 
manufactured  by  Rockbestos  Products  Corpo¬ 
ration  of  New  Haven,  Conn.,  are  used  by  the 
Navy  for  three  functions:  for  transmission  of 
synchronizing  voltages  in  fire  control  equip¬ 
ment,  for  indicator  sweep  voltages,  and  for 
video  frequency  receiver  output  signals.  In  use 
they  transmit  signals  from  circuit  to  circuit  as 
in  a  telephone  circuit. 

Polythene  offers  outstanding  advantages  as 
an  electrical  insulation.  Because  of  its  high  di¬ 
electric  strength,  only  a  minimum  thickness  is 
needed.  Polythene’s  low  power  factor  makes  it 
exceptionally  effective  for  high-frequency  wire, 
such  as  is  used  extensively  in  television.  Poly¬ 
thene  is  chemically  inert,  light  in  weight  (specific 
gravity  0.92)  and  retains  its  toughness  and  flex¬ 
ibility  at  temperatures  ranging  from  —50°  F.  to 
200°  F. 

For  complete  data  sheet  on  polythene,  write 
E.  I.  du  Pont  de  Nemours  &  Co.  (Inc.),  Plastics 
Dept.,  Arlington,  N.  J. 


Th*  two  typ«t  of  thipboofd 
cablo,  TTRS  (obovo)  and 
TTRSA  (bmlow),  aro  identical  in  construction 
except  for  the  ormor  braid  covering  the 
latter.  Inside  the  sheath  is  a  cabled  assem¬ 
bly  of  twisted  pairs;  each  twisted  pair  con¬ 
sists  of  tinned  copper  conductors  insulated 
with  Du  Pont  polythene,  then  twisted  into 
duplex  pairs,  which  are  covered  with 
tinned  copper  shielding  braid  and  with 
color-coded  cotton  braid.  The  individual 
conductors  are  sixe  A W6 20 and  con¬ 
sist  of  7  strands  of  0.01 26-inch  tinned 
copper.  The  polythene  insulation  is 
extruded  to  a  thickness  of  20  mils. 


piAsms. 
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SPEAKER  CABINET  (continutd) 


has  been  fully  considered  as  illus¬ 
trated  in  Fig.  1  from  which  all  struc¬ 
tural  details  can  be  observed.  The 
dimension  constitutes  a  24-inch 
cubicle  air  column,  the  weight  of  this 
small  chamber  without  any  hardware 
or  loudspeaker  units  installed  is  90 
pounds.  In  comparing  this  weight 
with  any  other  empty  reproducing 
chamber  of  similar  size,  it  will  be 
found  three  to  four  times  heavier. 

Five  loudspeaker  units  of  various 
dimensions  may  be  installed  within 


The  pi 
ond  c 
TKHX- 
lermir 


This  expansion  of  the  Cherry  Rivet  line  has  been 
mode  in  answer  to  demands  from  many  industries 
requiring  a  blind  rivet  in  either  brass  or  steel,  hav¬ 
ing  the  same  installation  advantages  of  aluminum 
alloy  Cherry  Blind  Rivets. 
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C-40  Piwumatic  Gun 


Thu  some  OiuiTy  Rhrut  Guns 
wiHinstaH  brass,  st««l  or  ohim- 
imm  rivals.  Pnaumatic  and 
hand-oparatad  guns  in  sovoral 
lypas  to  moat  your  porticulor 
roquirofitants  ora  small,  Rght, 
aasy  to  handla. 


These  new  rivets  have  the  same  design  as  the 
aluminum  rivets  and  are  applied  with  the  same 
pneumatic  or  manually-operated  guns.  They  are 
installed  by  one  operator  working  from  one  side 
of  the  job.  They  have  generous  tolerance  in  hole 
size  and  material  thickness,  unusually  broad  shank 
expansion  and  high  clinching  action— the  same 
characteristics  which  have  made  the  aluminum 
Cherry  Blind  Rivets  so  successful. 


Fig.  1 — ^The  rMonotor  cabinet  is  mas- 
sivsly  constructed  of  nnifonnlT  grained 
wood  ond  houses  five  loudspeakers 


the  24  inch  cubicle  space  and  a  four 
sectional  dividing  section  slid  into 
the  grooved  segments,  thereby  sep¬ 
arating  the  back  of  each  unit  from 
the  other.  The  resonating  box  con¬ 
tains  no  other  electrical  equipment 
The  total  unit  is  preferably  sus¬ 
pended  from  the  ceiling  to  a  level 
most  suitable  and  in  proportion  to 
the  total  ceiling  height  or,  when  em¬ 
ployed  in  connection  with  motion  pic- 


0-35  Manual  Gun 


For  moro  dotails,  got 
your  copy  of  Manual 
D-45,  from  on  roquoot 
from  your  jobbor  or 
from  iho  Chorry  Rival 
Co.,  Dapl.  A-I20,  231 
Wincfon  Stroot,  Lot 
Angotoi  13,  Calif. 


The  three  standard  types  of  Cherry  Rivets  shown  above  are  made  in  several 
head  styles  and  grip  lengths.  Standard  diameters  are  1  /8", 
5/32",  3/16",  7/32",  1/4"  and  9/32".  Special  head 
styles  and  grip  lengths  are  made  to  order. 

CHEMTIIIVETS. THEIR  MANUFACTURE  »  ARRLICATION MI  COVEaCO  ITU.!.  RATIHTS  lUUCB  R  PINDIMS 


R«eul«r  Hollow  Chorry  Sliod 

Rivoti  ovailobla  in  broEi,  staal, 
A17ST  and  56S  okiminum  oHoyt. 


Solf.plwgf  iae  Chorry  ilincl  Rivolt. 

The  item  of  this  rivet  remains  in  the  ihonk 
after  instollotion,  giving  the  some  strength 
chorocteristki  os  o  solid  rivet.  Available 
in  brass,  AI7ST  and  56S  aluminum  aUoys. 


Pvll-throwgh  Hol¬ 
low  Chorry  BIIimI 

RIvotS  lavoiloble  in 
brass,  steel  and  A17ST 
aluminum  alloy. 


ARE  NOW  AVAILABLE  IN 

BRASS  •  STEEL  •  ALUMINUM 


Cherry  Blind  Rivets  in  brass  and  steel  have  been 
added  as  standard  items  to  our  original  line  of 
aluminum  rivets. 


i 
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DIVERSITY  OF  DESIGN  pUU 

.N  ALLIED’S 

HERMETICALLY- SEALED  RELAYS 


The  photo  above  shows  o  cut-owoy  view 
ond  completed  assembly  of  Allied  type 
TKHX-26  sealed  relay  with  ten  soldered 
terminals  individually  color  marked. 


These  relays  are  designed  to  fit  your  specific  applications 
and  to  fill  your  special  requirements  completely,  but  this 
is  not  all. 

When  you  specify  “Allied"  you  are  sure  to  get  a  unit*  that 
is  completely  engineered  as  a  sealed  relay  —  not  just 
equipment  built  around  older  types.  Moreover  these  sealed 
relays  are  produced  completely,  from  start  to  finish,  in 
Allied  plants,  by  one  organization,  under  coordinated 
standards. 

These  products  have  back  of  them  a  wealth  of  pioneering 
experience  in  the  sealing  of  relays  to  protect  them  from 
dirt,  moisture  and  many  foreign  substances  or  to  prevent 
tampering  or  accidental  damage  to  the  working  parts.  This 
experience  is  today  expressed  in  a  completely**organized 
sealed-relay  division,  using  the  most  modern  techniques 
and  equipment  including  a  specially  designed  sealing  room 
where  air  temperature,  humidity  and  cleanliness  are  scien¬ 
tifically  controlled. 

There  is  wide  diversity  of  design  in  Ailied  sealed  relays. 
But  of  far  greater  importance  are  the  benefits  of  experi¬ 
ence,  complete  engineering,  and  modern  manufacturing  by 
one  organization.  Before  you  specify  be  sure  to  get  all  the 
facts  about  Allied  relays. 


ALLIED  CONTROL  COMPANY,  INC. 


MNOUi  OVPKfSt  9  iMt  lae  Av«.  (•!  TVlIi  St.|  TwS  91.  M.  Y.  rmtfrttt  H»m  Ywfi  City  (9  laM  Sm4  Av*.) 
risMtsvIll*.  C«M.  <991  N.  Kmm  Av«h»*.  CMc«e*  IIHmI*.  to  CaMtomto*  Alltoe  C—trtl  C*.  mi  C«IU»«^«,  tac. 

1AM  SmWk  Hmpm  St..  U*  Aaftoi  IS.  CaMf. 
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SPEAKER  CAB>NET  (continued) 


tures,  is  placed  either  directly  above 
the  screen  or  one  unit  on  each  side 
of  the  screen,  depending  on  the  size 
of  the  theater  proper.  As  has  been 
previously  mentioned,  a  multiple  in¬ 
stallation  of  directional  loudspeakers 
is  unnecessary;  this  unit  is  all  that 
is  required. 

The  same  unit  may  be  employed  as 
a  console  cabinet  upon  which  may 
rest  a  radio  or  public  address  ampli- 
fying  system  as  illustrated  in  Fig.  2. 
In  this  way  it  forms  a  complete  pro¬ 
fessional  sound  unit  of  high  quality. 

A  six-way  switch  is  built  into  the 
amplifier  section  through  which  each 
speaker  can  be  excited  separately  or 
all  five  jointly.  In  substance,  it  may 


Fig.  2 — The  resonator  can  either  be 
siispended  from  the  ceiling  in  audi¬ 
torium  installatitms  or  placed  on  short 
legs  oboTe  the  floor  as  a  hose  for  the 
associated  sound  equipment 

be  defined  as  a  five  dimensional 
sound  system  because  each  loud¬ 
speaker  is  directional  and  yet,  when 
all  five  are  operating,  the  cabinet  in¬ 
troduces  no  directional  characteris¬ 
tic  whatsoever.  This  fact  is  particu¬ 
larly  true  when  the  cabinet  has  been 
suspended  from  the  ceiling. 

One  becomes  aware  of  a  totally 
new  sound  effect,  namely  that  of 
mass  sound,  which  theoretically 
would  be  the  same  as  the  fifth  dimen¬ 
sion.  Helmholtz  gave  much  consider¬ 
ation  to  the  combinational  tones  in 
music  and  it  is  precisely  these  qual¬ 
ities  that  are  brought  out  with  as- 
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Around  the  corner  or  around  the  world . . . 


Finch  Facsimile  (Telefax)  means  high-speed  and  completely  accurate 
communications  — in  writing. 

Every  word  written,  every  sketch  drawn,  every  photograph  printed  on 
paper  up  to  SV7"  x  1 V'  can  be  transcribed  electrically  to  sensitized  paper 
as  far  as  radio  or  wire  will  reach,  in  from  two  to  four  minutes!  This  sur¬ 
passes  all  previous  records  for  speed  with  accuracy. 

And  the  Finch  "Air- Press"— broadcasting  all  kinds  of  printed  matter, 
with  illustrations,  offers  unlimited  fields  for  progress  in  publishing,  enter¬ 
tainment  and  education  by  radio. 

Write  for  description  of  Finch  Patents  contributing  to  Finch  World  leadership  in  Facsimile. 

FINCH  TELECOMMUNICATIONS  INC. 

\  Passaic.  N.  J.,  U.S.A.  •  New  York  Office:  10  East  40th  Street 


me 


self-synchronizing 

facsimile 


Write  your  specifications:  melting 
point,  viscosity,  penetration,  specific 
gravity,  dielectric,  moisture,  absorption, 
etc.,  and  if  the  answer  to  your  require¬ 
ments  is  beyond  any  known  Mitchell-Rahd 
formula,  development  will  be  started  to 
produce  a  special  compound  to  meet  your 
most  exacting  specification. 
An  outstanding  example  of  Mitchell-Rand's 
development  of  special  products  to  meet  particular 
conditions  and  specifications  is  the  M-R  #868  EX 
SEALING  AND  POHING  COMPOUND,  of  high 
mineral  filler,  to  resist  cold  Row  after  being  subjected 
to  180*  F.,  resist  fracture  and  brittleness  at  temper¬ 
atures  of  minus  40-50*  F.,  to  have  remarkable 
flexibility  at  temperatures  of  minus  0-20°  F.,  and  to  have 
good  adhesive,  toughness,  resistance  to  fracture, 
waterproof  and  dielectric  qualities. 
No  matter  how  difficult  or  involved  your  insulating  and 
impregnating  Wax  or  Compound  problems  are  .  .  .  bring 
them  to  Mitchell-Rand  . . .  the  "Electrical  Insulation 
Headquarters"  since  1889. 


FREE  FOR  THE  ASKING 

tocUuf  for  your 
free  copy  of  the  M-R  WALL 
CHART  with  its  engineering 
tables,  electrical  symbols,  car¬ 
rying  capacities  of  conductors, 
dielectric  averages,  thick¬ 
nesses  of  insulating  materials, 
tubing  sizes,  tap  drill  sizes,  etc. 


M-R  COMPOUNDS 
RESIST 

high  voltage  breakdown 
salt  spray  atmosphere 
humidity 
cracking  or  flaking 
acids  and  alkalis 

HAVE 

excellent  flexibility 
adhesive  qualities 
high  cold  flow 
good  thermal 
conductivity 


M-R 


WAXES 


PENETRATE 

fibre,  floss,  bakelite, 
paper  and  cloth 

HAVE 

low  viscosity 
high  surface  tension 
good  electrical 
characteristics 

MORE  THAN 
3500  FORMULAS 


MITCHELL-RAND  INSULATION  COMPANY,  INC. 


51  MURRAY  STREET 


COrtlandt  7-9264 


NEW  YORK  7,  N.Y. 


Fiberqias  Varnished  Tape  and  Cloth 
Insulatinq  Papers  and  Twines 
Coble  Fillinq  and  Pothead  Compounds 
Friction  Tape  and  Splice 
Transformer  Compounds 


A  PARTIAL  LIST  OF  M-R  PRODUCTS 
Fiberqias  Saturated  Sleevinq,  Varnished  Tubinq 
Asbestos  Sleevinq  and  Tape 
Varnished  Cambric  Cloth  and  Tape 
Mice  Plate,  Tape,  Poper,  Cloth,  Tubinq 


Fiberqias  Braided  Sleevinq 
Cotton  Tapes,  Webbinqs  and  Sleevinqs 
Impreqnafed  Varnish  Tubinq 
Insulatinq  Varnishes  of  all  types 
Eitruded  Plastic  Tubinq 


EST.  1889 
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SPEAKER  CABINET 


(continued) 


12  CHANNEL  CAPACITY 


^OU  44  4  6fUe^  CCl4i,f 

HATHAWAY  TYPE  S-12  OSCILLOGRAPH  combines 
portability  and  small  size  convenience  with  excellence 
of  results — ^without  sacrificing  capacity,  accuracy  or 
record  quality 


tounding  realization.  Tests  made  of 
the  sound  values  show  that  there  is 
no  predominance  of  either  the  higher 
or  lower  frequencies  anywhere 
within  the  enclosure.  There  is  a 
blending  of  the  tonal  response  from 
the  speaker  units  when  measure¬ 
ments  are  taken  beyond  a  reasonable 
distance  from  the  sound  source. 

When  listening  to  such  recordings 
as  the  Sextet  of  Lucia,  all  of  the 
voices  stand  out  singularly  and  yet 
blend  with  the  rest  of  the  musical 
qualities.  In  the  Hungarian  Rhap¬ 
sody  No.  2  the  magnificent  chords 
and  the  massiveness  is  reproduced 
with  brilliant  results. 

From  the  practical  aspect,  the  reso¬ 
nator  offers  superior  acoustical  result 
and  simplifies  sound  installations  in 
large  auditoriums  or  theaters  be¬ 
cause  it  requires  only  one  outlet 
for  each  unit.  Sound  distribution 
from  the  cabinet  is  uniform,  thus  it 
can  replace  an  installation  where 
numerous  directional  loudspeaker 
units  are  employed  toward  the  same 
end. 


•  •  • 


Infrasonic  Switching 

By  Angelo  Montan  i 

Woodhaven,  N.  y. 


Measures  only  18''x  9"x  8",  yet  accommodates  up  to 
12  channels  and  gives  permanent  record  on  paper  or 
film  6"  wide  by  100  feet.  Interchangeable  galvanom¬ 
eters  available  in  natural  frequency  from  200  to  10,000 
cycles  per  second  to  a  sensitivity  of  50  milliamperes  per 
millimeter  at  one  meter. 

Automotie  feotiires:  record  length  control;  record 
numbering  device;  and  time  coordinate  device  which 
produces  time  lines  clear  across  the  record,  quickly 
adjustable  to  either  1/100  or  1/10  second  spacing. 
Viewing  screen  permits  simultaneous  viewing  and  re¬ 
cording. 

Performance  plus  portability  makes  this  instrument 
indispensable  for  field  testing  where  accuracy  and  ease 
of  control  are  imperative. 

DELIVERY— 60  to  90  Days 

DWrite  for  bulletin  SP-167.  Hathaway  Instrument  Co., 
1315  S.  Clarkson  Street,  Denver  10,  Colorado 


Simultaneous,  two-way  communica¬ 
tion  over  one  channel  is  possible  by 
infrasonic  switching.  By  this  switch¬ 
ing  technique  two  circuits  are  alter¬ 
nately  interrupted,  freeing  the  chan¬ 
nel  for  use  by  one  at  a  time  for 
reoccurring  intervals.  Because  of  an 
auditory  characteristic  comparable 
to  persistence  of  vision,  the  inter¬ 
ruptions  in  the  conversations  are 
inaudable. 

The  purpose  of  this  paper  is  to 
outline  the  functioning  of  this  inter¬ 
communicating  technique  and  at  the 
same  time  to  show  how  a  develop¬ 
ment  may  be  bom  from  parallel 
thinking  in  two  such  apparently  un¬ 
related  fields  as  physiology  and  elec¬ 
tronics. 

Auditory  Measurements 

Because  the  optic  and  acoustic 
nerves  originate  from  the  fourth 
cerebral  ventricle,  they  should  show 
analogies  peculiar  to  nerves  having 
the  same  embryologic  history.  In 
particular,  is  there  a  persistence  of 
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"Dcitaott 

CARMET 

Send^  tfoun.  co^ 

The  I6*page  Carmet  Catalog 
contains  full  data  on  types, 
grades,  sizes  and  applications  of 
standard  blanks  and  tools;  in> 
formation  on  special  sizes,  tool 
shank  steel,  etc.  Write  for  it  today. 

ADDRESS  DEPT.  E-39 
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TOPS  IN  CUTTING  PERFORMANCE 

Carmet  carbide  tips  are  produced  by  advanced  tech¬ 
niques,  under  conditions  of  rigid  control  that  main¬ 
tain  complete  uniformity  to  type  and  grade.  These 
carbide  tools  can  show  you  tremendous  increases  in 
cutting  speeds,  and  corresponding  improvements  in 
your  finishing  costs.  #  Let  our  Service  Engineers 
work  with  you  to  fit  Carmet  tools  into  your  operations. 


ALLEGHENY  LUDLUM 

STEEL  CORPORATION  *  General  Offices,  Brackenridge,  Pa. 


'A'  Red  Shanks  for  Steel 
Cutting. 

^  Wax  Caps  Protect  Tips 
in  Stock  and  Transit 


At  Blue  Shanks  for  Iron 
and  Non-Ferrous  Metals 


CARMEt 

Carbide  Tools  and  Tips 


EFFICIENTLY  BOXED 

Carmet  sintered  carbide 
tool  bits  are  packed  for 
shipment  in  strong,  metal- 
reinforced  boxes  of  distinc- 
tive  design.  The  grade,  size 
and  number  of  pieces  are  marked  on  each  end  of 
the  box,  for  convenience  on  your  stock  shelves. 


EASY  TO  IDENTIFY 


In  addition  to  the  box 
marking,  and  to  the 
shank  coloration  (see 
above),  each  Carmet  tool 
bit  is  stamped  with  the 
name  and  grade  number  .  .  .  your  stock  clerks 
and  machine  operators  can*t  mistake  them. 


ROTATING 

SHUTTER 


SOUNDPROOF  BOX 


VARIABLE  SPEED 
DRIVE 


MOTOR 


/r--OPEN!NCS 


-TO  AUDIO¬ 
FREQUENCY 
SOURCE 


EARPHONE 


Fig.  1 — Experimental  equipment  for  meas¬ 
uring  persistence  of  aural  image 

from  which  the  tube  protruded. 
Modulated  currents  from  an  audio 
amplifier  or  an  audio  signal  gen¬ 
erator  were  applied  to  the  head¬ 
phone.  Because  of  the  rotating 
shutter,  the  sound  in  the  tube  was 
intermittent,  the  periods  of  sound 
equaling  the  durations  of  silence. 

With  one’s  ear  at  the  free  end  of 
the  tube,  one  varies  the  shutter 
revolutions  per  second.  When  the 
sound  is  passed  for  one  thirtieth  of 
a  second  and  interrupted  for  the 
same  interval  repeatedly,  the  emitted 
sounds  are  completely  intelligible 
and  the  discontinuity  is  imperceiv- 
able.  In  other  words,  despite  the 
fact  that  continuous  sounds  are 
chopped  into  time  sequences  lasting 
0.033  seconds  and  separated  by  0.033 
second  of  silence,  the  sounds  are  still 
perceived  as  continuous. 

Physiologically  if  an  acoustical 
sound  is  interrupted  and  started 
again,  the  gap  is  not  recorded  pro¬ 
vided  the  sound  had  previously 
lasted  before  the  interruption  and 
will  continue  to  last  after  the  inter¬ 
ruption  for  a  length  of  time  suffi¬ 
ciently  long  to  produce  the  sensation 
of  pitch.  The  interval  of  0.033  sec¬ 
ond  is  short  enough  not  to  be  per¬ 
ceived  between  two  acoustic  stimula 
and  long  enough  to  produce  a  sen¬ 
sation  of  pitch. 

The  following  table  shows  the 
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Pincor  BX  motors,  in  their  classihcation,  meet  the  varied 
requirements  of  manufacturers  who  demand  light  weight, 
compact  motors  for  efficient  and  dependable  application. 
Pincor  BX  motors  are  direct  drive,  ball  bearings,  high  speed 
units  wound  for  continuous  or  intermittent  duty.  Shunt,  series 
or  split  series  windings  are  for  operation  on  12  to  24  volt 


INFRASONIC  SWITCHING  (contlnu»d| 

minimum  duration  necessary  for  a 
tone  of  a  given  frequency  to  gen¬ 
erate  the  physiological  sensation  of 
pitch. 


Tone  Freq 

Duration 

in  cps 

in  saeonds 

50 

0.060 

200 

0.022 

300 

0.014 

1,000 

0.012 

2,000 

0.012 

5,000 

0.015 

10,000 

0.025 

This  phenomenon  of  persistence  of 
the  aural  image  is  the  parallel  of  the 
persistence  of  the  visual  .image 
which  made  possible  motion  pictures 
and  television.  This  aural  counter¬ 
part  can  similarly  be  used  in  the 
communication  of  speech. 

Application  to  Telephony 

Purposely  leaving  physiological 
considerations  aside,  let  us  examine 
the  possible  use  of  persistence  of  the 
aural  image  in  speech  communica¬ 
tion.  From  the  above  experimental 
data  we  conclude  that  it  is  possible 
to  use  a  single  channel  for  0.033 
second,  15  times  every  second,  leav¬ 
ing  the  line  idle  for  about  half  the 
time.  A  second  •  conversation  can 
be  sent  over  the  line  during  the  in¬ 
tervening  0.033-second  intervals  as 
illustrated  in  Fig.  2. 

This  practice  finds  an  elegant  ap¬ 
plication  in  the  intercommunicating 
system  used  in  offices  and  factories. 
The  press  to  talk  switch  is  unneces- 


battery  systems  currently  used  and  may  be  easily  modified  to 
meet  your  product  demand. 

Depend  on  these  rugged  Pincor  quality-proven  motors  in 
the  BX  series.  Send  your  problem  to  Pioneer  engineers  and 
let  them  put  their  years  of  experience  to  work  for  you.  Con¬ 
sultation  with  these  men  will  not  obligate  you  in  the  least. 

DYNAMOTORS  •  CONVERTERS  •  GENERATORS 
POWER  PLANTS  •  GEN-E-MOTORS 


r- MODULATION  I 


t 

! 

mKa/ 

j 

0.033 

SEC 

AA/> 

TIME 

1 

0.033 

SEC 

m 

‘-•MODULATION  H 


Fig.  2 — Transmission  of  two  signcds  by  in- 
irosonic  switching.  Thoso  ^gncds  con 
•ithor  bo  troToling  in  opporito  diroctions 
os  in  two  way  communicotion  or  con  be 
two  simiiltcmoous  signals  transmitted  oTor 
a  single  electrical  dionnel 


pmcoR 


L 


PIONEER  GEN-E-MOTOR 


CORPORATION 


5341-49  DICKENS  AVENUE 


CHICAGO  39.  lll’.NOtS 


BUY  MORE  BONDS! 


forii  /  ,  'I  '■ 


S:  o-  .  n  tf  ■  N  .  Y  . 


sary  and  the  conversation  is  there¬ 
fore  more  natural.  One  speaker  can 
interrupt  the  other  at  will,  which 
may  or  may  not  be  an  advantage,  as 
in  normal  conversation. 

An  intercommunicating  system 
using  this  principle  is  shown  in  Fig. 
3.  For  about  0.033  second  the  line 
is  used  in  one  direction,  then  for  the 
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I  ^  m«ch<ifiic<il  nicety  literoNy  rodiofes 

from  th^*  UNnH>  ^kwevrf  roctHlers.  H  H  only 
nofvrol*  that  their  eye  oppeai  impresses  the  exact¬ 
ing  minds^c^^so  many  government  ond  commercial 
engineers. 


The^physicai  ruggedness  and  sterling  workman¬ 
ship  in  these  tubes  reveal  the  kind  of  core  and 
precision  that  has  entered  into  the  electricai  phases 
of  their  design.  They  ore  criterions,  rather  than 
ordinary  conformers  to  the  constantly  stiffening 
Army  ond  Navy  test  specificotions — hoih  mechan¬ 
ical  and  electrical. 


SERVICE  RECORDS 

Representative  service  records^  maintained  over 
o  period  of  1 0  years  by  large  users  prove  an  aver¬ 
age  of  many  thousands  of  hours  satisfactory  oper¬ 
ating  life. 


THERE  IIS  NO  SPECULATION  IN  CHOOSING  UNITH) 
MERCURY  RECTIFIBIS 


MERCURY  RECTIFIERS 


UNITH)  ELECTRONICS  COMPANY  •  NEWARK  7,  N.  I 


Transmitting  tubes  exclusively  since  1934 


INFRASONIC  SWITCHING 


(continued) 


BullDog  Electric  Products  Company,  of  Detroit, 
Michigan,  are  producers  of  TROL-E-DUCT— a  safe, 
flexible  and  mobile  feeder  system,  for  carrying  elec¬ 
tricity  to  portable  electric  tools,  cranes,  hoists  and 
similar,  moving,  electrically- operated  devices. 

The  square  molded  tubing  used  in  these  Trolleys  is 
supplied  by  Taylor  in  full  four-foot  lengths;  fabricated 
and  assembled  at  the  BullDog  plant.  Low  tolerances 
on  O.D.  and  wall  thickness  facilitate  assembly.  Flash 
lines  held  to  the  absolute  minimum  insure  strength 
at  all  four  comers. 

The  wartime  experience  of  Taylor  Fibre  Company 
in  mass  production  of  molded  laminated  phenolic 
tubing  of  irregular  and  unusual  shapes  is  your  assur¬ 
ance  of  high  dimensional,  mechanical,  and  electrical 
properties  you’ll  find  in  no  other  molded  tubing  of 
this  type. 

Wherever  the  use  of  Laminated  Plastics  is  indi¬ 
cated,  Taylor  is  your  best  and  quickest  source  for 
sheets,  rods,  tubes  or  fabricated  parts.  Write  us  for 
samples,  technical  data,  or  estimates  on  work  you 
have  in  the  blueprint  or  rough  sketch  stage. 

TATLOR  FIBRE  COMPANY 

LAMINATED  PLASTICS:  phenol  fiiie  •  vulcanized  fine  Rods,  Tnboa,  and  Fabrioatod  Parts 

NORRISTOWN,  PENNSYLVANIA  '  OificM  in  Psisicipia  CMmm  LA  VERNE,  CALIFORNIA 


next  0.033  second  it  is  used  in  the 
opposite  direction.  As  a  consequence 
the  feedback  arising  from  connect¬ 
ing  all  microphones  and  speakers  to 
the  same  line  is  eliminated.  Because 
of  the  switching,  the  speaker  at  one 
station  cannot  feed  back  into  the 
microphone  at  that  station,  therefore 


Fis.  3 — Simple  circuit  illustrates  the  way  in 
which  simultaneous,  two-way  communica¬ 
tion  can  be  carried  on  orer  a  single-chan¬ 
nel  link  such  as  a  two-wire  line  or  a  two- 
way  radio 


a  dual-purpose  unit  having  two  coils 
and  acting  els  speaker  and  micro¬ 
phone  can  be  used. 

The  15  cps  of  the  switching  oscil¬ 
lator  is  transmitted  over  the  chan¬ 
nel  to  maintain  both  (or  several) 
stations  in  synchronism.  It  is  sug¬ 
gested  that  the  wave  form  of  the 
switching  be  sinusoidal  and  of  suffi¬ 
cient  amplitude  to  transfer  opera¬ 
tion  of  the  amplifiers  within  one 
millisecond.  The  15  cps  signal  can 
be  used  to  synchronize  a  multivi- 
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MmIivImI  mH  fypwi—  lk«  MMMiy 
lurwillwily  nalgil  wipowwItM  Irwu- 
cMIt—  •fii  tm^n  <<tlgw>d  to 
■««t  oootwoi  opootlwti  cow^Hioot  for 
o*ory  typo  of  opptlcotloo. 


.  •^With  emphasis  on  electrical 
and  mechanical  suitability! 

The  N-Y-T  Sample  Department  has  demonstrated  its 
ability  to  continuously  supply  advanced  transformer, 
choke  and  filter  designs  for  most  electrical  and  elec¬ 
tronic  needs.  In  every  instance,  all  requirements  are 
fulfilled  efficiently,  and  economically. 

Let  us  take  care  of  any  samples  you  may  need  for  new 
equipment  being  designed. 

one  immittd:  nddnsM  E 

NEW  YORK  TRANSFORMER  Ca 


62  WILLIAM  ST..  NEW  YORK  5,  N.  Y. 
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That  all  Motorola  Police  and  Public  Utility 


Illusuated  it  Mocoro* 
la’s  newettcomribution 
to  this  field — the  Mod¬ 
el  FSTRU-250-BR  250- 
watt  Central  Station 
Transmitter  •  Receiver 
Unit,  designed  for  the 
newly-esublisbed  152- 
162  me.  band. 


equipment  uses  ANDREW  Coaxial  Cable  is  in* 
dicative  of  Motorola’s  confidence  in  ANDREW 
engineering  and  manufacturing  skill.  The 
ANDREW  Company  is  a  pioneer  in  the  manu* 
facture  of  coaxial  cable  and  accessories. 


POLICE  USE 


Eighty  percent  of  all  FM  Police  radio  equip¬ 
ment  in  use  today  is  Motorola.  This  includes 
a  roster  of  35  state  police  systems  and  many 
thousands  of  city  and  county  systems  through¬ 
out  the  United  States. 


INFRASONtC  SWITCHING  (continued) 

brator  in  which  case  it  can  be  of  low 
amplitude.  A  phase  shifter  may  be 
necessary  for  proper  meshing  of  the 
switching  with  the  intelligence 
signals. 


•  •  • 

Rectangular-Pulse 

Generator 

By  Rollin  K.  McCombs  and  Frank 
C.  Walz 

Vnix^ertity  oj  Colorado 

From  The  Review  of  RcientiPc  Inet. 

The  pulse  generator  described  in 
this  paper,  although  designed 
specifically  for  shocking  rats  in 
studies  of  anoxia,  has  many  appli¬ 
cations.  It  supplies  a  unidirec¬ 
tional,  rectangular  current  pulse  of 
variable  frequency,  amplitude,  and 
length.  Each  of  these  variables 
is  independent  of  the  others,  and 
the  amplitude  is  independent  of 
load  resistance. 

Circuit 

An  essential  feature  of  the  cir¬ 
cuit  shown  in  Fig.  1,  is  the  utiliza¬ 
tion  of  direct  coupling  thus  giving 
operation  to  very  low  frequencies. 
Separate  heater  transformers  must 
be  used  for  each  tube.  Because 
of  the  small  power  requirements 
of  the  circuit,  a  voltage-doubler 
power  supply  is  used.  If  electro¬ 
lytic  capacitors  are  used  for  C„  C.„ 
Cu  and  Cs,  they  should  have  work¬ 
ing  potentials  of  600  volts  and  be 
shunted  by  0.25  meg  resistors  to 
equalize  their  leakages.  Oil-filled 
capacitors  are  more  permanent  but 
less  compact. 

The  positive  side  of  the  power 
supply  and  the  lower  output  ter¬ 
minal  are  grounded  to  the  chassis 
as  protection  against  accidental 
shock.  A  plug  and  jack  for  the 
output  connection  will  further  re¬ 
duce  the  likelihood  of  accidental 
shock. 

Voltage  regulator  tubes  maintain 
all  voltages  sensibly  constant  for 
the  direct  coupling  and  assure 
independence  of  the  controls.  The 
tubes  Ti  and  T*,  together  with  their 
associated  circuits,  constitute  a 
saw-tooth  generator  which  can  be 
used  to  supply  the  sweep  voltage 
for  cathode-ray  tubes.  A  large 
capacitor  of  good  quality  for  Ci 
will  permit  frequencies  as  low  as 
one  cycle  in  several  minutes  to  be 
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NO  MATTER  WHAT 
ELECTRONIC  TUBES 
YOU  NEED  FOR 
RESISTANCE  WELDING 


All  of  these  standard  Westinghonse  tubes  are  carried 
in  your  local  Westinghonse  distribntor^s  stock. 

For  descriptive  data  on  any  of  these  tubes,  write  vosur 
nearest  Westinghonse  (^ce  or  Electronic  Tube  9al^ 


Bloomfielfl,  N.  J, 


WL-  WL- 

651/656  652/657 


WL- 

655/658 


WL- 

681/686 
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PULSE  GENERATOR 


(contlnutd> 


'  Broadening  the  field  of 

f  *  Crystal  Pickup  Cartridge 

applications.  Astatic  has  designed  Models 
L-73  and  L-74  Cartridges  to  obtain  all  the 
advantages  of  crystal  reproduction  at  higher  operating 
temperatures.  These  two  cartridges,  in  Astatic's  new 
series,  employ  the  new  PN  Crystal  elements  for  applica¬ 
tions  not  satisfactorily  filled  by  the  lower  operating  tem¬ 
perature  limitation  of  Rochelle  Salts  Crystals.  PN  Crystal 
elements,  while  having  only  one-tenth  the  internal 
capacitance  of  Rochelle  Salts  Crystal  elements,  do  not 
change  capacitance  with  temperature.  The  safe  operat¬ 
ing  temperature  for  crystal  cartridges  has  been  stepped 
up  from  120°F.  to  150°F.,  with  the  use  of  this  new  war- 
born-and-developed  Piezo  active  material. 


50,000  o 


0UTPUT< 


Fig.  1 — A  65.000  ohm  rosistor  in  series 
with  the  thyrotron  grid  leod  from  fig  is 
not  shown 


These  cartridges,  while  representing  an  im¬ 
portant  contribution  for  certain  applications, 
carmot  be  used  as  replacements  for  Stand¬ 
ard  Rochelle  Salts  Crystal  Cartridges  unless 
the  input  circuit  is  changed  and  the  ampli¬ 
fier  gain  adjusted  to  take  care  of  the  PN 
characteristic. 


generated.  The  circuit  will  operate 
as  high  as  20,000  cps. 

The  6F8G  duotriode  constitutes 
a  cathode-coupling  stage  from  the 
saw-tooth  generator  and  an  ampli¬ 
fier  which  triggers  the  884  switch¬ 
ing  tube.  The  rectangular  output 
of  this  tube  is  amplified  by  the 
6L7G  pentode  which,  because  of 
its  high  plate  resistance,  provides 
a  constant-current  output  for  the 
pulse  generator. 

The  pulse  is  controlled  by  the 
variable  resistors.  controls  the 
length  of  the  nonconducting  por¬ 
tion  of  the  cycle  by  varying  both 
the  bias  and  signal  applied  to  the 
second  884.  By  varying  R„  the 
amplitude  of  the  stimulus  applied 
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276  Fourth  Ave.,  New  York  10,  N.  Y.  •  325  W.  Huron  St.,  Chicago  10,  III. 


SATURATED  SLEEVING  •VARNISHED  CAMBRIC  •  MICA  AND  MICA  PRODUaS 


^  TURBO  insulating  wcevingt  assure  depend¬ 
able  functioning  under  adverse  operating 
conditions.  Equally  important,  they  have  the 
**designed  in**  ability  to  cut  installation  costs 
and  reduce  maintenance  time.  The  latter  fac¬ 
tors  result  from  three  distinct  characteristics. 
One:  A  full  range  of  vivid  colors  that  q>ecd 
tracing.  Two:  Extra  flexibility  and  smooth¬ 
bore  for  easy  snaking  and  filing.  Three: 
Non-fray,  non-abraiding  features  that  sim¬ 
plify  installation  and  lengthen  service  life. 

FUXIMJ  VARNISHED  OIL  TUBING:  offers  im¬ 
munity  to  corrosive  fumes,  acid,  alkalis  and 


most  solvents.  It  is  impervious  to  moisture 
and  non-hygroscopic. 

VARNISHED  GLASS  TUBING:  capable  of  func¬ 
tioning  in  high  ambient  temperatures— en¬ 
closed  motors,  unventilated  areas,  and  general 
heavy  duty  installations. 

EXTRUDED  TUBINGS:  smooth  wall,  whhsUnd 
extreme  low  temperature  without  embrittle¬ 
ment.  Provide  dependable  insulation  in  sub¬ 
zero  cold.  Retains  flexibility  at  all  times. 

WIRE  IDENTIFICATION  MARKERS:  two  types— 
sleeve  type  that  slips  directly  over  pipes, 
tubes,  conductors;  and  tab  type  with  fleioblc 
flag  attached  to  sleeve.  Both  available  in  any 
marking. 

Write  today  for  free  Specimen  Board  with 
samples  and  sizes  of  each. 


WILLIAM  BRAND  &  CO 
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PULSE  GENERATOR  (continued) 


to  the  subject  can  be  varied  from 
zero  up.  Pulse  frequency  is  con¬ 
trolled  by  Ri;  several  values  of  C 
can  be  used  to  change  the  range. 
Because  cathode  coupling  is  used 
from  the  saw-tooth  generator,  the 
frequency  control  can  be  reliably 
calibrated. 


Calibration 


BENCH  TYPE  RIVET  SETTER 

^  cu  .040 


Because  the  circuit  is  direct 
coupled,  all  constants  are  critical. 
The  cathode-coupled  amplifier  must 
first  be  adjusted.  With  an  oscillo¬ 
scope  across  Rs,  controls  R,  and  R, 
are  varied  simultaneously  lentil  a 
saw-tooth  wave  of  maximu^  un¬ 
distorted  amplitude  is  seen.  ‘ 

The  setting  of  R#  depends  upon 
the  required  range  of  pulse  length. 
The  shortest  pulse  length  obtain- 


Can  be 
RENTED  for  lim¬ 
ited  or  seasonal  use 


xviiLroRD 

fastening 

EQGIPME^ 


RIVET. 

SETTING 

MACHINES 


SEMI¬ 

TUBULAR 

RIVETS 
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Rivt  Capacity,  .040  to  3/32  *  Throat  Dapth,  3%  inches  *  Stroke,  IX4 
inches  *  Anvil  Height,  Adjustable  Bench  Type  *  Hopper,  Rotary  * 
Clutch,  Horton  Non-Repeat  Type  *  Flywheel,  230  R.P.M.  *  Drive,  V-Belt 
Noiseless  *  Replacement,  Interchangeable  Parts  *  Motor,  1/6  hp.,  1140 
R.P.M.  *  Height,  17li  inches. 


Whether  you  use  fasteners  as  small 
as  .040,  or  larger,  why  continue  set¬ 
ting  them  by  hand?  It  increases  costs, 
takes  longer,  slows  production. 

Fastest,  least  expensive  way  to  fasten 
small  parts  is  with  Milford  semi-tubu- 
lar  rivets  and  Milford  rivet-setting 
machines.  That  has  been  proved  on  lit¬ 


erally  thousands  of  jobs — from  auto¬ 
mobile  hoods  to  wrist  watch  bracelets. 

Milford's  experience  in  fastenings  is 
yours  FREE.  Make  use  of  Milford's 
"know-hovr"  even  if  your  product  is 
still  in  the  drawing-board  stage.  Send 
a  sample  or  blueprint  for  study  by 
Milford  engineers. 


300  c/s 


THE  MILFORD  RIVET  &  MACHINE  CO. 

.  '  ^  859  Bridgeport  Ave.  .  1002  West  River  St. 

MILFORD,  CONN.  ELYRIA,  OHIO 


Inquiries  may  also  be  addressed  to  our  subsidiqryt 

THE  PENN  RIVET  &  /MACHINE  CO.,  PHILADELPHIA  3,  PENNA. 

DeOgners  end  Manufacturers  eft  SPECIAL  COLO-HEAOEO  PARTS;  SPLIT,  SEMI-TUIULAR  AND  DUP- 
ORILLEO  RIVETS;  RIVET-SETTING  MACHINES:  SPECIAL  MACHINE  SCREWS  AND  SCREW  MACHINE  PARTS. 


Hg.  2 — OscUlogroms  of  polsM,  in  th« 
loit-hand  column,  of  ono-londi  cycle 
duration,  and.  in  tho  right-hand  column, 
of  ono-half  cycle  duroUon  for  different 
frequendee 

able  with  this  circuit  seems  to  be 
1/10  of  a  cycle;  there  is  no  limit 
to  maximum  length. 

The  frequency  control  may  be 
calibrated  using  a  low-frequency 
oscillator  and  an  oscilloscope.  The 
amplitude  control  is  calibrated  by 
putting  a  d-c  milliammeter  in 
series  with  a  fixed  resistor  of  the 
approximate  impedance  of  the  sub¬ 
ject  across  the  output.  The 


vast 

TUBE' MAKING 
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enough"  but  the  best! 


The  exacting  requirements  of  the  Radio  and 
Electronic  Industries  demand  solders  and  fluxes 
of  the  highest  quality.  Solder  bonds  must  be  de¬ 
pendable  and  permanent— especially  where  ex¬ 
treme  changes  in  conditions  occur,  or  in  close  as¬ 
sembly  work. 

The  outstanding  quality  of  Glaser  Solders  and 
Fluxes  is  the  result  of  scientific  research  extending 


lectronics 


there 


ii 


IS 


over  more  than  two  decades. 

Glaser  Plastic  Rosin  Core  Solders  are  standard 
with  leading  manufacturers  of  capacitors,  resistors, 
transformers,  relays  etc.  To  insure  your  product 
against  short  life  and  poor  performance  use  Glaser 
Plastic  Rosin  Core  Solder,  the  "Quality  Solder"  of 
time-proven  dependability. 

L»t  tk0  •xp0rl0ac0  of  leodliif  Chcfromie  and  Radio  Tackalelaiit 
galda  yoa  Im  ataklag  Gla$ar  Soldan  aad  FImMaa  YOUR  cJholc*. 


Glaser  Rosie  Core 
Solders  exceed  gov- 
eremeet  specHieo* 
tioes  in  parity,  and 
ore  gnoroete^  to 
meet  A.S.T.M.  Class 
A  specifleotioBs  for 
solder. 


PULSE  GENERATOR  (emiHiiu.d) 

cathode  lead  of  is  opened  so  that 
there  is  no  potential  drop  in  R^. 
Output  current  now  flows  contin¬ 
uously  and  Rn  can  be  calibrated 
directly  from  the  milliammeter 
reading.  The  series  resistor  is  used 
to  duplicate  operating  conditions. 
The  pentode  can  be  considered  a 
constant-current  source  as  long  as 
its  plate  potential  is  greater  than 
100  volts. 

The  pulse-length  control  is  cali¬ 
brated  after  /?,  has  been  calibrated. 
With  the  pulse-generator  operating 
normally  and  the  milliammeter 
across  the  output  as  before,  is 
varied.  If,  for  example,  is  set 
at  2  ma,  and  the  meter  reads  0.2 
ma,  then  current  is  flowing  for  1/10 
of  a  cycle.  In  this  manner  R^  is 
calibrated. 

Because  Rt,  R^  and  R,  carry  sev¬ 
eral  milliampers  of  current,  it  is 
advisable  to  use  wire-wound  poten¬ 
tiometers. 

At  the  higher  frequencies  the 
pulse  rounds  slightly  at  the  corners 
because  of  the  deionization  time  of 
the  thyratron  as  Fig.  2  shows. 


•  •  • 

Source  of  High- 
Intensity  X-Rays 

A  HIGH-INTENSITY  X-RAY  tube  radi¬ 
ating  2,000,000  roentgens  per  min¬ 
ute  in  a  40-degree  cone  was  described 
by  Dr.  G.  L.  Clark  of  the  University 
of  Illinois  at  the  fifth  annual  national 
meeting  of  the  American  Industrial 
Radium  and  X-Ray  Society  held  in 
November. 

The  intense  radiation  is  obtained 
by  using  high  beam  current  and 
water-cooling  the  anode.  Absorption 
of  x-ray  energy  by  the  tube  window 
is  minimized  by  making  the  window 
of  a  thin,  vacuum-tight  sheet  of 
beryllium.  The  x-ray  absorption  of 
beryllium  is  a  fraction  of  that  of 
other  materials.  For  efficient  utiliza¬ 
tion  of  the  radiation,  the  anode  is 
positioned  close  to  the  window.  This 
proximity  to  the  window  is  possible 
because  of,  the  conductivity  of  beryl¬ 
lium.  Other  window  material  would 
become  oveheated  and  electrically 
charged.  Beryllium  windows  have 
been  used  previously  but  not  in  as 
large  diameters  as  this  one. 

The  high  rate  of  radiation  pro¬ 
duced  by  this  tube  will  facilitate 
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PRESS  WIRELESS  MANUFACTURING 


CORPORATION 

Executive  and  Sales  Office.  1475  BROADWAY,  NEW  YORK  CITY  18 


THE  NEW  FENWAL 
MIDGET  THERMOSWITCH 


FOR  TEMPERATURE  CONTROL 


•  A  compact,  precision  temperature  control  unit. 

•  Fast  reaction  time  of  the  Midget  Thermoswitch 
produces  instant  temperature  control  action. 

•  Short-heat  transfer  path  eliminates  effect  of  heat 
gradients. 

•  Maximum  load  rating  200  watts — 110  volts 
A.C. 

•  Vibration-proof  —  firm  construction  minimizes 
effects  of  vibration. 

•  Positive  action  —  minimum  internal  transfer  lag. 

•  Built-in  anticipation  —  no  loss  in  control  with 
increase  in  electrical  load. 

•  Extremely  low  differential  mi  nimizes  temperature 
under-shoot  and  over-shoot. 

_ ^ _ / 


THE  MIDGET  THERMOSWITCH 

is  available  with  several  types  of  mounting  facilities  for  easy 
installation  in  various  applications. 


’^'Designed  for  applications  where  space  require¬ 
ments  are  limited;  midget-size  —  smaller  than  a 
cigarette  .  .  .  lightweight ^\e,ss  than  an  ounce. 

M.ay  we  assist  you  with  your  thermal  control  problem? 

FENWAL,  INCORPORATED 
ASHLAND,  MASSACHUSEHS 

THERMOSWITCHES  FOR  COMPLETE  TEMPERATURE  CONTROL 


^JHzjtwaL 


X-ltAY  SOURCE  (eentlnuad) 

medical  diagnosis  and  therapy.  In 
industry,  the  intense  x-rays  will  be 
useful  in  the  plant,  foundry,  and  con¬ 
trol  laboratories,  and  at  the  construc¬ 
tion  sites.  Little-explored  fields 
where  intense  radiations  will  be  of 
value  are  controlling  chemical  re¬ 
actions,  and  sterilizing  packaged  food 
by  x-rays. 

An  x-ray  tube,  with  a  hemispheri¬ 
cal  window,  that  utilizes  the  entire 
180-degree  solid  angle  of  radiation 
generated  at  the  target  has  also  been 
developed  by  Machlett  ^boratories, 
Inc.,  the  manufacturers  of  the  pre¬ 
viously  described  tube.  By  properly 
focusing  the  electron  beam  on  the 
target,  it  is  possible  to  mount  the 
cathode  outside  the  hemisphere  sub¬ 
tended  by  the  target  face  so  that  it 
does  not  eclipse  any  of  the  radiation. 

•  •  • 

Electronic  Microphone 
By  Jerome  Rothstein 

Belmar,  N.  J. 

Patented  Nov.  n,  19^5,  No.  »,S89.9SS 

An  electronic  tube  sensitive  to  me¬ 
chanical  vibrations  is  described  in 
this  patent.  Figure  1  shows  the  prin¬ 
ciple  of  operation.  A  flexible  dia¬ 
phragm  D  is' mechanically  coupled  to 
grid  G  of  a  parallel-plane  electron 
tube.  Motion  of  the  diaphragm 
changes  the  relative  position  of  the 


Fig.  1 — PrMsuM-Mnaltiv*  •l«ctron  tub* 
dMignsd  ior  um  In  prassur*  and 
motion  moosuromonti 
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Of  th«  countl«ts  tttchnical,  production  and  maintononce 
ioms  which  bosot  tho  olectronic  indusfrios,  Hiom  are  but  a  fow 
of  nuiny  wMi  the  same  solution— **dMg**  colloidal  graphite. 

The  reason  lies  in  the  unique  combination  of  properties  of 
the  material. 

**lleg**colloidal  graphite  is  a  slippery  solid,  extremely 
finely  divided,  o  good  conductor,  resistant  to  high  tempera¬ 
tures,  chemically  inert,  pure,  opaque,  soft,  and  capable  of 
permanent  adsorption  on  metallic  surfaces.  Dispersed  in  oils, 
water,  volatile  hydrocarbons,  alcohols,  glycerine,  and  other 
carriers,  its  usefulness  is  as  broad  as  the  user's  ingenuity. 

To  get  into  details  of  specification  and  application,  send 


for  the  new  literature  listed  below.  And  anytime  our  techni¬ 
cal  men  can  help  by  consultation-eimply  let  us  know. 

Many  of  your  problems  may  point  in  the  seme  direction. 


dag 


colloidal 

products 


ACHESON  COLLOIDS  CORPORATION,  Port  Huron,  Michigan 


I 


This  n«w  litcratwr*  on  ‘Hliig*’  celleldal  grophite  is 
yours  for  the  asking: 


JMLCa.  A.C1 


^Ual 

eONRIKtHMUil 


[Ml 
[Ml 
IM) 
[M 

J  dD 


A  gonoral  booklot  on  tho  story  of  **40^  colloi¬ 
dal  graphito.  12  pogos  profusoly  illwstratod. 

A  comploto  list  of  **4ee**  colloidal  graphito  dis- 
porsiens  wHh  opplicotions. 

Facts  about  **dee**  colloidal  graphito  for  ASSEM¬ 
BLING  AND  RUNNING-IN  ENGINES  AND 
MACHINERY. 

Facts  about  **dac**  colloidal  graphito  as  a  PARTING 
COMPOUND. 


ACHESON  COUOIDS  CORPORATION 
PORT  HURON,  MICHIGAN  DEPT.  C-5 

Ploofo  Mod  OM  uHhsot  oUi|ttioo,  o  copy  of  sock  of  Iho  boHoHot  tbockod: 

□ 


TEMPERATURE 


NATION  AND 


dee*' 

LUBR 

^uTf 


ICANT. 


Facts  about  **eec**  colloidal  graphito  for  IMPREG- 

tTngs. 


FACE  COATI 


I 

L 
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Facts  about  **ees**  colloidal  graphito  in  iho  FIELD 
OF  ELECTRONICS. 


□ 

□ 

□ 

□ 

□ 

□ 


POSITION- 
FIRM _ 


ADDRESSu 


ZONE  No. 


STATE- 


OUR  PRESENT  OIL  SUPPLIER  IS- 


(Lubricants  containing  **dhm**  coiloidai  graphito  ar* 
availablo  from  major  oil  componios.) 
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ELECTRONIC  MICROPHONE  (continued) 

grid  between  anode  A  and  cathode  C 
thereby  altering  the  amplification 
factor  of  the  tube  which  in  turn 
varies  the  anode  current. 

The  tube  itself  can  be  either  a 
vacuum  or  gas  tube  constructed  as  a 
triode,  as  illustrated,  or  in  any  of  the 
multigrid  forms,  and  built  into  a 
glass  or  metal  envelope.  The  dia¬ 
phragm  can  either  be  electrically  con¬ 
nected  to  or  insulated  from  the  con¬ 
trol  grid  as  circuit  requirements 
dictate.  If  insulated,  the  grid  can  be 
connected  to  the  external  circuit  by 
flexible  lead  L.  The  tube  itself  must 
be  mounted  so  as  to  be  free  from  vi¬ 
bration. 

This  purposely  microphonic  tube 
can  be  used  in  such  applications  as  a 
microphone,  barometer,  altimeter,  or 
strain  gage.  The  end  of  a  wire  nor¬ 
mally  connected  to  a  strain  gage  or 
optical  lever  can  be  connected  to  the 
diaphragm,  thus  converting  the  me¬ 
chanical  motion  to  be  studied  directly 
into  electrical  magnitude.  The  end 
of  a  temperature-sensitive  strip  can 
Te  connected  to  the  diaphragm  of  this 
tube  thereby  forming  a  thermometer. 

The  electrical  output  from  the  tube 
can  be  used  to  actuate  an  indicating 
or  recording  instrument,  either  di¬ 
rectly  or  through  amplifiers  and/or 
transmitting  circuits.  The  anode  cur¬ 
rent  can  either  be  direct  or  alternat¬ 
ing.  In  the  latter  case,  the  motion  of 
the  grid  serves  to  amplitude  modu¬ 
late  the  alternating  anode  current. 


Compensating  Amplifier 

By  Charles  N.  Gillespie 

Radio  Corp.  of  America 
Patented  June  g6,  1945,  No.  2,378,999 

To  COMPENSATE  for  nonlinearities  in 
the  response  of  other  system  com¬ 
ponents,  an  equal  but  opposite  non¬ 
linearity  is  introduced  into  an  am¬ 
plifier.  In  the  particular  application 
considered,  the  amplifier  corrects  the 
distortion  introduced  by  the  nonlin¬ 
earity  of  the  recording  method  and 
paper  of  a  facsimile  system.  The  re¬ 
sult  is  that  there  is  a  linear  relation 
between  the  potential  applied  to  the 
amplifier  input  and  the  half-tone  pro¬ 
duced  on  the  facsimile  paper. 

Figure  1  illustrates  the  compen¬ 
sating  portion  of  the  facsimile  ampli¬ 
fier.  To  aid  in  explaining  the  opera¬ 
tion,  a  saw-tooth  wave  is  assumed  at 
the  input.  This  wave  is  amplified  by 


•  ACCURATE  •  SPEEDY  •  DEPENDABLE 
f/ecfrico/  Measurements  with 

WELCH  METERS 

D.C  PANEL  INSTRUMENTS 


The  use  of  strong  Alnico 
Magnets  with  selected 
pivots  and  sapphire  jew¬ 
els  enables  us  to  construct 
on  extremely  sensitive 
movement  such  os  is  used 
in  Model  350 — 0  to  20 
microammeter  shown  at 
left. 


MODEL  NO.  3S0 

CASES  Molded  Bakelit*  ior  Flush 
Mounting 


Expertly  Designed 

—  Sturdily  Built 


W.  M.  WELCH  SCIENTIFIC  COMPANY 

- ’EttabIhM  I  MO - 

1515  Sedgwick  Street,  Dept.  H.  Chicago  10.  Illinois,  U.  S.  A. 


TYPES 

Microommotors  0-20 
up  to  0-500 

Milliommetors  0-1  up 
to  0-500 

Anunotors  0-1  up  to 
0-30 

Voltmoters.  various 
rangoB,  100  to 
50.000  ohms  por 
volt 

Zoro  Conter  Amme¬ 
ters 

DB  Meters 

Rectifier  Instruments 

Thermocouple  M  e  • 
ters 

Spec'.al  Sealed  Me- 
ers 


MODELS 

350 —  3V^  inch  round — 2.4  inch  scale 

351 —  3  inch  square — 2.4  inch  scale 
451— 4V^  inch  rectangular — 

3.5  inch  scale 


MODEL  NO.  3S1 


WRITE  FOR 
OUR  METER 
CATALOG 


MODEL  NO.  451 
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BEIAYSh^COHTRO^ 


Announcing  the 


NEW 

SERIES  4600 


OPERATE  ON  Ott  ^ 
r/iTM  006 "  CONTACT  GAP 


designed  to 

WATTS  D.C. ' 


Note  compactBMS  of 
title  sturdy  unit. 


AN  EPPICIENT,  STURDY  RELAY- 
ESPECIALLY  RECOMMENDED  POR  USE  IN; 


This  relay  has  balanced  armature  of 
special  Ferro  Nickel,  Hydrogen  Annealed. 
The  metal  cover  insures  dust  proof  fea¬ 
tures,  and  the  complete  relay  requires  a 
space  of  only  1-13/16"  by  1-13/16"  by 
2-5/32". 


ELECTRONIC  TIMERS 
'A  temperature  control  UI4ITS 


A' electronic  tube  plate  CIRCUITS 


A  emergency  lighting  control  units 


ALOW  CURRENT  SUPERVISORY  CIRCUITS 


A  protection  of  delicate  INSTRUMENTS 


GET  OUR  CATALOG 

CempUto  dotsils  of  this  Soasl* 
tiro  RoUy  end  tho  msay  other 
roUys  In  tho  Price  lias  sro  glroa 
la  our  cstsleg. 


(Fomfriy  Prk»  Bm.  Ce.) 

AND  OTHER  DEVICES  FOR  ELECTRONIC 
*  &  INDUSTRIAL  APPLICATIONS 
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CREI  Offers  you  a  Proved  Pro¬ 
gram  of  Self-lmprovemenf  to  Keep 
Pace  With  Modern  U*H.F.  Advance- 
ments  and  Enables  You  to  Go  After 
—and  Get  a  Secure  Radio  Job! 


Where  Will  YOU  Be  in  1950? 


Enjoy  Seenrity  and  Good  Pay! 
Prepare  Now  With  CREI  Modern 
Technical  Training  and  Stop  Ahead 
of  Competition  Into  a  Good  Radio 
Job! 


Yes,  there  are  GOOD  JOBS  .  .  .  for  GOOD  men!  The 
easy  jobs  are  gone  and  once  again  knowledge  and  ability  are 
the  requirements  for  the  good-paying  jobs.  Competiton  is 
opening  up.  The  fight  to  HOLD  good  jobs — to  SECURE 
better  ones  is  just  starting.  Employers  once  again  can  afford 
to  be  “choosey”  ...  to  select  the  i^st  man  for  the  best  job. 
In  the  face  of  this  show-down  situation — where  do  YOU 
stamdf 

CREI  home  study  training  in  Practical  Radio- Electronics 
EngnMring  can  equip  you  to  meet  the  requirements  to  hold 
your  joh — or  advance  to  a  better  one.  No  matter  what  your 
past  radio-electronics  experience  has  been — no  matter  what 
your  training — ^you  must  actually  start  anew  to  gain  the  con¬ 
fidence  born  of  knowledge.  By  adding  CREI  training  to  your 
present  radio  experience  you  can  safeguard  your  future  and 
keep  pace  with  such  new  developments  as  U.H.F.  Circuits, 
Cavity  Resonators,  Pulse  Generators,  Wave  Guides,  Kly¬ 
strons,  Magnetrons  and  other  tubes.  Are  you  equipped  to 
handle  them?  CREI  is  equipped  to  help  you,  by  providing 
the  know-how  and  ability  that  is  required. 

In  our  proved  method  of  instruction,  you  learn  not  only 
how,  but  whyl  Easy-to-read-and-understand  lessons  are  pro¬ 
vided  well  in  advance,  and  each  student  has  the  benefit  of 
personal  guidance  and  supervision  from  a  trained  instructor. 
This  is  the  basis  of  the  CREI  method  of  training  for  which 
many  thousand  professional  radiomen  have  enrolled  since 
1927. 

It  costs  you  nothing  to  read  the  interesting  facts  ...  to 
learn  how  CREI  can  help  you  enjoy  the  security  you  want 
.  .  .  the  better-paying  job  that  can  be  yours.  Write  for  par¬ 
ticulars  now! 


WRITE  FOR 
FREE  36-PAGE 
BOOKLET 


••Your" 

Opporfunlty  lu 
the  Now  World  of 
Efecfroafcs” 

If  you  hare  had  profM- 
sional  or  amateur  radio 
experimce  and  want  to 
make  more  money,  let  ils 
prore  to  you  we  have 
something  you  need  to 
Qualify  for  a  better  radio 
job.  To  help  ua  intelli¬ 
gently  answeryour  inquiry 
—PLEASE  STATE 
BRIEFLY  YOUR  BACK¬ 
GROUND  OP  EXPERI¬ 
ENCE.  EDUCATION 
AND  PRESENT 
POSITION. 


CAPITOL  RADIO  ENGINEERING  INSTITOTE 

HOME  STUDY  COURSES  IN  PRACTICAL  RADIO-ELECTRONICS 
ENGINEERING  FOR  PROFESSIONAL  SELF-IMPROVEMENT 

Dept.  E-3.  3224  16th  Street,  N.  W.,  Washington  10,  D.  C* 

Cootraaors  to  U.  S.  Navy — U.  S.  Coast  Guard— Canadian  Broadcasting  Corp. 

Producers  of  Well-trained  Technical  Radiomen  for  Industry. 

EMBER.  NATIONAL  COUNCIL  OF  TECHNICAL  SCHOOLSOnHHmHHHH 


COMPENSATING  AMPLIFIER  (coidinuccT 

tube  3.  Tube  2  provides  a  reference 
bias  for  the  grrid  of  tube  3  in  order  to 
maintain  the  negative  (white) 
pulses  of  the  facsimile  signal  at  the 
proper  level. 

If  the  grid  potential  of  tube  3  is 
more  positive  than  a  predetermined 


Fig.  1 — Two  different  amplifications 
ore  obtained  by  electronically  switch- 
inq  a  shunt  across  the  output  load 


level,  the  plate  voltage  of  that  tube 
will  carry  the  cathode  of  tube  4  be¬ 
low  its  plate  potential.  Tube  4  will 
then  conduct  thereby  shunting  the 
output  load  resistor.  Thus  the  load 
presented  to  the  plate  circuit  of  tube 
3  will  be  reduced  and  likewise  the 
amplification  of  the  circuit  will  be 
reduced. 

As  the  input  signal  further  in¬ 
creases  tube  1  will  conduct  thereby 
making  the  plate  of  tube  4  more  neg¬ 
ative  than  its  cathode  with  the  result 
that  tube  4  will  cease  conducting. 
The  plate  load  of  tube  3  will  be  re¬ 
turned  to  its  original  value  and  the 
circuit  will  give  normal  amplifica¬ 
tion.  The  output  will  be  modified  to 
a  wave  shape  as  shown,  which,  when 
reproduced  on  a  nonlinear  system  for 
which  the  compensating  amplifier 
has  been  designed,  will  give  a  saw 
tooth  pattern. 


Meteors  passing  through  our  atmos¬ 
phere  leave  paths  of  ionized  gas  of 
sufficient  volume  and  density  to  re¬ 
flect  microwave  radar  pulses.  The 
ions  shortly  return  to  their  electri¬ 
cally  neutral  state.  Astronomers  con¬ 
sider  this  use  of  radar  more  impor¬ 
tant  than  receiving  reflections  from 
the  moon. 
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As  a  result  of  considerable  research, 
we  have  developed  grades  of  electrolytic 
condenser  paper  which  have  outstand* 
ing  qualities  of  absorbency  and  purity. 
This  is  in  addition  to  the  uniformity 
characteristic  of  our  other  grades  of  thin 
gauge  insulating  papers  ranging  in 
thickness  from  .00025"  to  .004". 


SCHWEIIZER  PAPER  CO. 

142  MILLER  STREET,  NEWARK,  N.  J. 

Plants:  Newark,  Jersey  City,  Mt.  Holly 
Springs,  Pa.  Research  Laboratories: 

Chrysler  Bldg.,  New  York,  N.  Y. 
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NEW  PRODUCTS 

New  materials,  new  components,  new  as¬ 
semblies;  new  measuring  equipment; 
new  technical  bulletins,  and  new  catalogs 

1 

Regulated  Power  Supplies 


Electronic  Measurements  Co.,  Red 
Bank,  N.  J.  The  Model  200B  regu¬ 
lated  power  supply  delivers  125  ma 
in  continuously  variable  increments 
from  0-326  v  d-c  and  6  amp  at  6.3  v 
a-c,  center-tapped,  unregulated.  Reg¬ 
ulation  is  within  1  percent  for  volt¬ 
ages  between  20-235,  from  no  load  to 
full  load.  Hum  is  within  10  mv  at 
any  voltage  or  load  within  ratings. 
Line  input,  105  to  125  v  a-c,  50/60 
cps  with  a  maximum  power  consump¬ 
tion  of  220  w.  The  unit  is  equipped 


with  meters,  controls,  fuses  and  con¬ 
venient  output  terminations,  front 
and  rear.  It  uses  nine  receiver-type 
tubes.  Suitable  for  relay  rack  mount¬ 
ing  or  table,  it  has  carrying  handles. 
Overall  dimensions  are  7  x  11  x  19  in. 
and  weight  is  about  40  lb. 

Similar  in  size,  weight  and  line 
input  voltage  to  the  power  supply 
above,  the  Model  205A  will  furnish 
150  ma  from  100-325  v  d-c  continu¬ 
ously  and  5  ma  maximum  from  0-150 
V  d-c  besides  6  amp  at  6.3  v  a-c,  cen¬ 
ter-tapped,  unregulated.  The  100- 
325  V  section  regulates  to  within  1 
percent.  The  0-150  v  output  is  regu¬ 
lated  by  a  VR  tube  and  is  adjusted 
by  a  potentiometer.  The  no-load  to 
full-load  regulation  at  150  v  is  within 
1  percent,  but  will  depend  upon  the 
potentiometer  setting  at  lower  volt¬ 
ages.  Nine  receiver-type  tubes  are 
used  and  the  input  power  is  about 
250  w  at  full  load. 

The  model  204A  provides  300  ma 


up  to  500  V  d-c  and  6  amp  at  6.3  v  a-c. 
Regulation  is  within  1  percent  be¬ 
tween  30-500  V.  Fourteen  receiver- 
type  tubes  are  used.  Full-load  power 
consumption  is  525  w.  This  unit  is 
physically  larger  than  the  others, 
measuring  lOf  x  15  x  19  in.  and 
weighs  about  70  lb.  All  three  power 
supplies  are  little  affected  by  mod¬ 
erate  line  voltage  changes. 

I 

2 

Multi-Power  Supply 

Moulic  Specialties  Co.,  1006  W. 
Washington  St.,  Bloomington,  Ill. 
The  Model  MS-1  power  supply  has 
three  d-c  outputs,  regulated  to  better 
than  1  percent  from  60  to  300  v. 
Voltages  available  are:  —76  to  +25 
at  5  ma;  0-300  v,  100  ma;  0-300  v. 


100  ma.  There  is  also  0-20  v  a-c,  3.6 
amp,  center-tapped.  Selector  switches 
permit  reading  the  voltage  of  any 
output.  Connections  to  the  unit  are 
by  means  of  insulated  banana  plugs, 
color  coded  for  identification. 


3 

Sweep  Calibrator 

United  Cinephone  Corp.,  Torring- 
ton,  Conn.  Designed  by  Radiation 
Laboratory,  the  Model  No.  8127 
Sweep  Calibrator  is  now  available 


for  civilian  test  work  on  radar  and 
television.  The  instrument  provides 
calibration  marks  for  determining 
the  sweep  speed  of  a  synchroscope  or 
triggered  sweep  oscilloscope.  The 
markers  consist  of  short  video  pulses 
of  less  than  a  half  microsecond  dura¬ 
tion,  spaced  by  a  known  number  of 
microseconds. 

Time  intervals  of  2.5,  10,  50  and 
100  microseconds  can  be  chosen. 
These  markers  have  an  amplitude  of 
40  volts,  positive  or  negative.  An 
external  trigger  pulse  of  66  v,  posi¬ 
tive  or  negative  will  operate  the  de¬ 


vice,  or  an  internal  generator  can 
be  used.  The  repetition  rate  is  con¬ 
tinuously  variable  from  2,000  to  3,- 
000  cps  by  means  of  a  calibrated 
control.  The  positive  internal  trigger 
has  an  amplitude  of  120  v;  the  nega¬ 
tive,  65  V.  A  gate  is  provided  to 
select  operation  by  the  markers  from 
20  to  3,000  microseconds  duration. 

The  unit  operates  on  110  to  120  v, 
60  cps  at  a  power  of  85  w.  Size  of 
the  equipment  is  8  x  16  x  71  in.,  and 
weight  is  23  lb. 


4 

Visual  Signal  Generator 

Harvey  Radio  Laboratories,  Inc.,  . 
447  Concord  Ave.,  Cambridge  38, 
Mass.  Designed  particularly  for 
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For  Accurate  Alignment  of  IF  Circuits . . . 


THE  HAR>CAM  SIGNAL  GENERATOR 


\\\ 

/// 

^ 

«  • 

- 

This  sturdy,  compact  HAR-CAM 
unit  is  designed  for  the  visual  align¬ 
ment  of  the  IF  circuits  in  FM  and 
AM  receivers.  The  performance  of 
the  IF  circuit  is  shown  visually  on  an 
oscilloscope  and  accurate  alignment 
is  swiftly  and  easily  accomplished. 

The  Model  205  TS  HAR-CAM 
Visual  Alignment  SIGNAL  GEN¬ 
ERATOR  has  a  frequency  range 


from  100  kc  to  20  me  .  .  .  Its  linear 
frequency  sweep  deviation  is  ad  just¬ 
able  from  zero  to  900  kc  peak  to 
peak  .  .  .  Stable  r-f  gain  control  is 
independent  of  frequency  .  .  .  Output 
impedance,  1  ohm  to  2500  ohms  .  .  . 
It  has  a  phone  jack  for  aural  monitor¬ 
ing  of  zero  beat  calibration  of  main 
tuning  dial  and  a  panel  jack  to  feed 
linear  sweep  voltage  to  the  x-axis 


amplifier  of  the  oscilloscope  .  .  . 
Size,  7"  wide,  9M"  high,  lOH" 
deep.  Weight  but  18  pounds. 

The  HAR-CAM  205  TS  is  designed 
and  built  with  stable  and  proven 
circuit  ix-inciples  which  insure  fine, 
lasting  performance.  For  complete 
specifications  .write  for  HAR-CAM 
Visual  Alignment  SIGNAL  GEN¬ 
ERATOR  Bulletin  No.  H-40. 


HAR'CAit 
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aligning  i-f  circuits  of  f-m  receivers 
by  use  of  a  cathode-ray  oscilloscope, 
this  equipment  combines  a  direct- 
reading  signal  generator  with  range 
of  100  kc  to  20  me  and  a  linear  sweep 
adjustable  from  zero  to  900  kc.  A 
five-step  attenuator  gives  an  overall 
voltage  range  from  1  microvolt  to 
1  volt.  Output  impedance  is  1  ohm 
to  2,500  ohms.  Overall  size  is  7  x  9i 
xlOJ.  Weight  is  18  lb. 


5 

Mobile  Communications 

Harvey  Radio  Laboratories.  The 
Har-Cam  mobile  transmitter  is  a 
narrow-band  f-m  type  for  voice  fre¬ 
quencies  between  500  and  3,000  cps. 
At  a  level  of  minus  15  db,  a  1,000-cps 
tone  produces  a  15-kc  deviation 
either  side  of  the  center  frequency. 
Seven  or  eight  receiver-type  tubes 
are  required  for  power  outputs  of 
25,  40  or  70  w.  The  unit  is  x  9i  x 
13  in.  and  weighs  29  lb. 

The  model  MFR-15  receiver  is 
available  for  mobile  or  fixed  station 
operations  in  the  frequency  range  30 
to  44  me.  Selection  of  either  a-m  or 
f-m  detection  is  by  means  of  a  toggle 
switch.  An  adjustable  squelch  cir¬ 
cuit  is  provided  for  quiet  operation. 
In  f-m  operation,  a  carrier  of  0.3 
microvolts  quiets  the  receiver.  A-m 
sensitivity  is  high  and  selectivity  is 
good  with  response  60  db  down  at 
40  kc  off  resonance.  Thirteen  tubes 
are  used.  Over-all  size  is  8i  x  9i  x  13 
and  weight  is  24  lb. 


6 

Film  Thickness  Measurement 

American  Instrument  Co.,  8010-20 
Greorgia  Ave.,  Silver  Spring,  Md.  The 
Filmeter,  NRL  Model  1,  is  a  new  elec¬ 
tronic  instrument  for  measuring, 
rapidly  and  non-destructively,  the 
thickness  of  paint,  varnish,  lacquer, 
ceramics,  plastics,  and  other  non¬ 
conducting  coatings  which  may  be 
deposited  on  non-magnetic  base  met¬ 
als  such  as  aluminum,  brass,  copper 
and  bronze.  The  instrument  meas¬ 
ures  coating  thickness  from  zero  to 
0.005  inch,  with  an  accuracy  of  3 
percent  of  full  scale,  and  measure¬ 
ments  may  be  made  on  any  flat  sur¬ 
face,  or  on  convex  or  concave  sur¬ 
faces  having  a  radius  of  curvature  of 
not  less  than  6  in. 


The  unit  consists  of  a  battery- 
operated  electronic  beat-frequency 
oscillator  contained  in  a  7  x  7  x  7  in. 
steel  case.  The  inductance  coil  of  one 
oscillator  is  mounted  in  the  end  of 
a  tripod-mounted  inductor,  and  is 
connected  to  the  instrument  by 
means  of  a  shielded  rubber-covered 


cable.  Earphones  enable  the  operator 
to  determine  when  the  two  oscillators 
are  set  to  the  same  frequency.  The 
entire  instrument  weighs  approxi¬ 
mately  11  lb,  and  may  be  used  as  a 
portable  field  instrument  or  on  a 
laboratory  bench. 


7 

Coaxial  Speaker 

Jensen  Radio  Manufacturing  Co., 
Chicago,  Ill.  The  Type  H  speaker 
consists  of  two  units  each  reproduc¬ 
ing  a  portion  of  the  total  frequency 
range.  A  compression-type  high- 
frequency  unit  is  attached  to  the 
back  of  a  15-inch  direct-radiator  low- 
frequency  unit.  The  horn  for  the  h-f 
unit  is  formed  by  a  passage  of  ex¬ 
panding  cross  section  through  the 


core  of  the  1-f  unit,  the  carefully 
shaped  diaphragm  of  the  1-f  unit 
forming  a  continuation  of  the  h-f 
hom.  The  1-f  diaphragm  is  driven  by 
a  conventional  voice  coil  assembly. 

A  center-tapped  transformer  of 
any  desired  impedance  may  be 
mounted  on  the  speaker  but  is  not 
furnished.  Nominal  input  impedance 
is  16  ohms  when  no  transformer  is 
used.  Power  handling  capacity  is  25 
watts  maximum,  in  speech  and  music 
systems.  The  field  is  designed  for  a 
power  dissipation  of  20  watts,  with 
14  watts  minimum. 


8 

Portable  Wheatstone  Bridge 

The  Winslow  Co.,  9  Liberty  St., 
Newark  5,  N.  J.  A  compact,  light¬ 
weight  bridge  with  an  accuracy  of 
0.1  percent  from  1  to  40,000  ohms  is 
now  available  for  resistance,  Murray 
or  Varley  Loop  and  other  tests.  The 
range  can  be  extended  in  excess  of 


100,000  ohms  with  great  accuracy 
and  below  1  ohm  using  ordinary  pre¬ 
cautions.  The  replaceable  galvanom¬ 
eter  has  a  coil  resistance  of  250  ohms 
and  a  sensitivity  of  1  microamp  per 
scale  division.  Overall  dimensions 
are  8ix  73x51  in.  and  weight  8  lb. 


9 

Multicellular  Coaxial  Speaker 

Stephens  Manufacturing  Co., 
10416  National  Boulevard,  Los  An¬ 
geles  34,  Calif.  The  new  Tru-Sonic 
coaxial  speaker  utilizes  a  low-fre¬ 
quency  paper  cone  and  a  high-fre¬ 
quency  diaphragm  operating  into  a 
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fMPORTAN 
FACTOR  I 


in  maintaining  low 
Standing  wave  ratio 


In  all  microwave  transmission  lines,  it  is  impor¬ 
tant  that  the  voltage  standing  wave  ratio  be 
kept  as  low  as  possible  over  the  frequency 
range  on  which  the  equipment  is  operating.  A 
high  standing  wave  ratio  means  a  loss  of  useful 
power  because  of  the  reflected  power  from 
the  impedance  mismatch.  In  addition,  it  causes 
a  higher  peak  voltage  in  the  transmission  line 
thereby  increasing  the  possibility  of  break¬ 
down  in  the  line. 

The  design  and  finish  of  an  elbow  have  an 
important  bearing  on  the  voltage  standing 
wave  ratio.  Impedance  mismatches  in  an  elbow 
can  be  caused  by  a  change  in  the  guide  size 
due  to  improper  bending  or  improper  design. 
Discontinuities  in  elbows  may  be  the  result  of 
improper  bending  techniques  which  cause  in¬ 
dentations  and  other  types  of  variations  to 
appear  on  the  inside  wall  of  the  wave  guide. 
These  irregularities  change  the  impedance  and 
result  in  a  high  standing  wave  ratio  with  its 
accompanying  ills.  Proper  methods  must  be 
used  in  fabricating  the  elbow  to  prevent  dis¬ 
tortions  which  might  result  from  bending  the 
metal  walls. 


- nED  HORN 

ROTATING  JOINT 


PUT  90*  ELB0\N 


REFLECTOR 


90*  TWIST 


Directional  coupler 


MITERED,  elbow 


EDGE  90*  ELBOW 


STRAIGHT  SECTION 


LINE  STRETCHER 


AttMidi  mdkotes  position  ol  EdQO  90”  Elbow  #  245  in  obovo 
pbmbing  orrangooiont.  In  addition  to  tiib  stondord  port,  elbows 
con  obo  bo  supplied  for  any  specific  opplkotion  requiremonf. 


The  design  and  manufacture  of  transmission  line 
equipment  is  a  specialty  on  which  we  have  had  vast 
experience  in  connection  with  wartime  radar.  We  in¬ 
vite  your  inquiries,  without  obligation,  on  any  of  your 
transmission  line  problems. 


EQUIPMENT 


VOLTAGE  STANOtNG  WAVE  RATIO 

Tbe  curve  shows  the  manner  in  which  the  reflecled  power  increases  with 
on  increase  in  the  voltage  standing  wove  ratio.  The  curve  h  calculated 
from  the  following  equation: 


%  Power  Reflected 


DEAAOflNAY-BUDD.  INC.,  475  GRAND  CONCOURSE,  NEW  YORK.  N.  Y, 
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multicellular  horn.  Maximum  power 
input  is  20  w;  vertical  distribution 
angle  is  40  deg  and  horizontal  is  80 
deg.  Field  excitation  is  either  elec¬ 
tromagnetic  at  25  w’  or  by  means  of 
a  6-lb  Alnico  V  magnet.  Field  resist¬ 
ance  can  be  made  to  specifications ;  is 
available  at  1,800  or  2,500  ohms. 
Input  impedance  is  15  ohms.  Fre¬ 
quency  response  is  within  H:r5  db 
from  50  to  10,000  cps.  The  dividing 
network  is  the  parallel  half-section, 
constant-impedance  type  with  an  at¬ 
tenuation  of  12  db  per  octave  from 
the  1,200  cps  crossover. 

Overall  diameter  is  15 J  in.,  baffle 
opening  13i  in.,  and  depth  behind 
panel,  in.  Weight  is  31  lb. 


10 

Transconductance  Meter 

Sensitive  Research  Instrument 
Co.,  9-11  Elm  Ave.,  Mount  Vernon, 
N.  Y.  This  instrument  is  the  newest 
in  a  line  of  laboratory  standard, 
mutual  conductance-plate  impedance 
meters.  Accuracy  is  enhanced  both 
by  the  12i  in.  length  scale  and  negli¬ 
gible  impedance  inserted  in  the  plate 
circuit  of  the  tube  under  test.  The 
a-c  signal  applied  to  the  grid  need  be 
only  a  fraction  of  a  volt  even  on  the 
lowest  ranges.  There  is  no  discern¬ 
ible  error  from  the  d-c  component  of 
plate  current  up  to  values  of  50  ma 
and  the  error  at  100  ma  is  negligible ; 
no  bucking  circuits  are  required. 

The  instrument  covers  values  of 
g„  from  150  to  30,000  micromhos  and 


values  from  250  to  2  megohms. 
Overall  accuracy  is  0.2  percent  when 
used  with  accurately  measured  and 
regulated  power  supplies,  competing 
successfully  with  other  less  facile 
methods. 

Size  of  the  meter  is  24  x  14  x  6i  in. 


11 

VHF  Transmitting  Tubes 

General  Electric  Co.,  Electronics 
Dept.,  Tube  Div.,  Schenectady,  N.  Y. 
Maximum  ratings  of  the  new  GL-592 
(bottom)  apply  up  to  110  me.  The 
tube  has  a  maximum  d-c  plate  voltage 
rating  of  3,500  v  and  a  maximum 
plate  dissipation  rating  of  200  w 
under  class  C  r-f  amplifier  and  oscil¬ 
lator  conditions.  Under  these  condi¬ 
tions  the  maximum  plate  imput  rat¬ 
ing  is  600  w.  Fernico-seal  design  of 
the  tube  makes  possible  elimination 
of  bases,  soldered  terminals  and  per¬ 
mits  a  reduction  of  lead  length. 
Ihis  design  provides  greatly  in¬ 
creased  structural  strength. 

Full  ratings  on  the  new  GL-9C24 
Iriode  (top)  apply  up  to  220  mega¬ 
cycles.  The  tube  has  been  tested 
under  class  B  r-f  power  amplifier 
conditions  with  a  bandwidth  of  5 
me.  The  anode  is  water-cooled  and 
cr.pable  of«dissipating  5  kw. 

As  a  class  B  r-f  amplifier  in  a 
grounded-grid  cavity  the  new  tube 
has  a  maximum  d-c  plate  voltage 
rating  of  5,000  v.  Actual  220  mega¬ 
cycle  tests  under  broad-band  and 
synchronizing  peak  conditions  show 
a  useful  power  output  of  3.4  kw  per 


tube  r.t  a  d-c  plate  voltage  of  4,000  v. 
The  use  of  a  grounded-grid  cavity 
in  this  application  minimizes  the 
necessity  for  neutralization. 

At  the  top  f-m  operating  frequency 
of  110  me,  tests  of  the  tube  under 
class  C  r-f  power  amplifier  conditions 
in  a  grounded-grid  circuit  at  a  d-c 
plate  voltage  of  6,000  v  have  shown 
a  useful  power  output  per  tube  of 
6.4  kw.  Here  the  maximum  plate  dis¬ 
sipation  rating  is  5  kw  and  the  maxi¬ 
mum  d-c  plate  voltage  rating  is 
6,500  V. 


12 

Photoelectric  Flame 
Failure  Alarm 

Combustion  Control  Corp.,  77 
Broadway,  Cambridge  42,  Mass,  has 
designed  the  Fireye  Type  F18T  elec¬ 
tronic  flame-failure  alarm  and  fuel 
cutoff.  It  provides  explosion  protec¬ 
tion  for  all  industrial  and  commer¬ 
cial  oil  and  pulverized  coal  burners. 
Unlike  thermal  controls,  it  is  actu¬ 
ated  not  Jiy  the  effect  of  flame  fail¬ 
ure  but  by  the  flame  itself. 

The  equipment  consists  of  a  photo¬ 
tube  and  amplifying  system,  housed 
in  a  dust-tight  aluminum  case.  The 
entire  control  is  mounted  directly  on 
the  furnace  wall  and  is  aligned  in  a 
manner  which  permits  the  phototube 
to  observe  the  flame  through  a  2-in. 
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MOp  CONTACT  YOKE  FOR  mH-FfCEQ^UBNCY 
Apk/OATfON,  MUST  HAVE  .^ECMANiCAL 
SmNmiTO  VJUVE  MOV/ MG  PAW  ANO^^- 
86  D/MENS/O/VALLY  STABLE. 


e-E  MYC ALEX . . .  POR  PRECISION-MOLDED  INSULATION 


•  This  contact  yoke  was  designed  to  drive  a  vital  moving 
part  in  a  high-frequency  application.  A  flat  and  dimension- 
ally  stable  part  was  required. 

No.  1  Plastics  Avenue  was  consulted.  The  problem  was 
solved  by  specifying  G-E  mycalex — compound  of  glass  and 
powdered  mica  with  a  unique  combination  of  properties. 

Molded  in  G-E  mycalex  by  new  techniques,  this  contact 
yoke  has  everything  required  of  a  high-frequency  compo¬ 
nent — dielectric  strength  . . .  low  loss  factor . . .  stability  . . . 
flatness  .  . .  rigidity. 

G-E  mycalex  is  now  available  to  all  industry  in  standard 
rods  and  sheets,  or  molded  to  your  own  design.  G-E  de-  ‘ 
signers  and  engineers  will  give  you  the  benefit  of  their 
experience  in  molding  hundreds  of  G-E  mycalex  parts. 
Write  to  Section  S-8,  Plastics  Divisions,  (General  Electric 
Company,  1  Plastics  Avenue,  Pittsfield,  Massachusetts.  - 


What  is  G~C  Mycalex  ? 

Fused  glass  and  powdered  mica  produce 
a  hard,  gray-colored,  stone-like  material 
which  is  called  mycalex. 

G-E  mycalex  possesses  a  unique  combina¬ 
tion  of  properties  for  high-frequency  insu¬ 
lation: 

High  dielectric  strength:  low  power  fac¬ 
tor;  prolonged  resistance  to  electrical 
arcing;  chemical  stability — no  deterio¬ 
ration  with  age;  dimensional  stability  — 
freedom  from  warpage  and  shrinkage; 
imperviousness  to  water,  oil,  and  gas; 
resistance  to  sudden  temperature 
changes;  low  coefficient  of  thermal  ex¬ 
pansion;  high  heat  resistance. 
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pipe  connection  which  serves  as  both 
a  sighting  tube  and  a  support  for  the 
equipment.  A  clear  Pyrex  filter  keeps 
the  equipment  dust-tight  and  .  is 
mounted  on  a  hinged  shutter  which 
permits  it  to  be  cleaned  without  shut¬ 
down.  A  heat-absorbing  filter  in  the 
lens  system  as  well  as  an  efficient 
baffle  system  protects  it  from  all 
radiated  heat.  The  phototube  oper¬ 
ates  at  high  ambient  temperature. 

Other  features  include  a  pilot  light 


FRANKLIN  LAMITEX 

(LAMINAnD  BAKEUTE) 

is  so  versatile ! 

Pictured  below  just  a  few  of  the  many  thousand  various 
ports  we  at  FRANKLIN  FIBRE-LAMITEX  have  furnished 
completely  machined  to  exacting  specifications  for 
countless  uses. 

SHEETS,  RODS  and  TUBES 
FABRICATED  OR  MOLDED  PARTS 


X 

which  can  be  viewed  through  an  an¬ 
gle  of  180  deg,  and  a  time-delay  ele¬ 
ment  which  prevents  the  relay  from 
dropping  out  during  purely  transient 
flame  disturbances. 

Power  supply:  115-230  v  50/60  cps 
a-c  10  w.  Output  is  a  spst  relay  with 
5  amp  contact.  The  front  of  the  con¬ 
trol  should  be  located  within  five  feet 
of  the  flame  which  it  is  to  monitor. 
Weight  is  12i  lb.  Ambient  tempera¬ 
ture  range,  32  F  to  150  F. 


13 

Cold-Cathode  Regulators 

Sylvania  Electric  Products  Inc., 
Industrial  Electronics  Division,  Bos¬ 
ton,  Mass.,  has  announced  three  mini¬ 
ature  cold-cathode  voltage  regulators 
for  65  to  90  v  operation  where  cur- 


FRANEUN  LAMITEX  and  VULCANIZED  FIBRE  ore 
highly  machineoble.  We  will  machine  ports  if  you 
lack  facilities— or  furnish  sheets,  rods,  and  tubes.  Both 
LAMITEX  and  FRANKLIN  FIBRE  can  be  drilled,  tapped, 
turned,  threaded,  punched,  shaved,  bored,  reamed, 
sawed,  milled  or  completely  fabricated  into  automatic 
screw  machine  parts. 

Check  these  FRANKLIN  LAMITEX  characteristics 

High  dielectric  strength 
Low  power  factor 
Low  moisture  absorption 
Remarkable  dimensional  stability 
High  mechanical  strength 
Low  co-efficient  of  thermal  expansion 
Low  in  weight  (about  half  that  of  aluminum) 
Unaffected  by  solvents  and  oils 
Unaffected  by  most  orgonic  ocids, 
dilute  mineral  acids  or  solt  solutions 

SEND  FOR  CATALOGUE  CONTAINING  COMPLETE  DATA. 


FRANKLIN  FIBRE-LAMITEX  CORP. 

WILMINGTON,  DEL. -187  LAFAYETTE  ST.,  NEW  YORK  13,  N  Y 
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control  problem  solutions 


CHATHAM  Thyratrons  solve  difficult 
control  problems  with  a  degree  of  accu* 
racy  and  dependability  unequalled  by 
manual  or  ordinary  mechanical  control 
devices.  Typically,  the  five  CHATHAM 
Thyratrons  illustrated  provide  precision 
performance  in  most  industrial  applica* 
tions  including  counting,  sorting,  timing, 
measuring,  pulsing,  process  control,  volt* 


age  regulation,  current  conversion,  etc. 
These  tubes,  and  many  other  rectifiers 
currently  in  wide  demand  for  industry 
and  communications,  can  now  be  supplied 
by  CHATHAM  on  short  notice  ...  in 
any  quantity.  For  complete  details— tech* 
nical  data,  information,  or  collaboration 
in  applying  Thyratrons  to  your  equip* 
ment  or  machinery**-call  or  write  today 


475  WASHINGTON  STREET.  NEWARK  2.  NEW  JERSEY 
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I  AUDIO  SIDNAL  SYNCHRONIZER- 
I  MODEL  J  for 

I  Synchronization  of  Audio  Frequencies 


This  instrument  is  essentially  a  dual  input,  sensitive  vacuum 
tube  voltmeter.  In  production  and  laboratory  test  pro¬ 
cedures,  typical  applications  are:  synchronizing  audio  oscil¬ 
lators  with  radio  WWV,  calibrating  modulation  frequencies 
of  transmitters,  adjusting  filter  networks  and  tuned  circuits 
. — or  any  application  where  a  beat  must  be  observed  down 
to  a  few  cycles  per  second. 

The  usual  procedure  with  cathode  ray  techniques  requires 
considerable  time  for  interpretation  of  frequency  differ¬ 
ences.  The  Model  J  will  synchronize  and  give  direct  indi¬ 
cation  of  frequency  differences  as  low  as  one  beat  in  24 
hours.  The  gain  of  each  input,  for  full  scale  deflection 
on  the  meter,  exceeds  60  D.  B. 

input  impedence  is  500,000  ohms  over  the  audio  spectrum 
and  is  constant  at  any  setting  of  the  input  attenuators. 
The  inputs  are  isolated  from  each  other  and  have  no  elec¬ 
trical  effect  on  the  signal  mix.  A  jack  is  provided  so  that 
the  output  synchronized  signal  may  be  used  to  drive  an 
oscilloscope. 

Dimensions — 19"  L  x  8-%"  H  x  9-I/2"  D 

Furnished  in  oak  cabinet  if  relay  rack  mount¬ 
ing  is  not  desired. 

Writ*  tor  d*scrlptiv*  lit*rot*r*. 


Teeviso 


0S)0@000S 


OIOKOXXDTOTOTOIOT^^^ 


PRODUCTS  ca 
74U  IRVING  PARK  ROAD 
CHICAGO  34,  ILLINOIS 


rents  range  between  2  and  3  ma  and 
maximum  voltage  variation  must  not 
exceed  3  v.  Mounted  in  miniature 
polarized  bayonet  bases,  the  bulbs  of 
these  tubes  are  enclosed  in  a  metal 
shield  which  is  color  coded  for  visual 
identification.  They  are  11  in.  over¬ 
all  and  §  in.  in  diameter.  Used  in 
series  with  a  current-limiting  resis¬ 
tor  of  approximately  16,000  ohms  on 
the  load  side  of  a  176  v  d-c  source, 
they  may  be  operated  in  any  position. 
Two  or  more  tubes  of  the  same  type 
may  be  operated  in  series  for  better 
voltage  regulation.  Applications  in¬ 
clude  cathode-ray  oscilloscopes,  syn¬ 
chroscopes  and  other  electronic  in¬ 
struments. 


14 

Grid-Control  Rectifier 

Eitel-McCullough,  Inc.,  San 
Bruno,  Calif.,  presents  a  new  grid- 
control  mercury-vapor  rectifier  tube, 


type  kY21A/KY21.  Filament  volt¬ 
age,  2.6  v;  filament  current,  10  amp; 
peak  inverse  voltage,  11,000  v;  peak 
plate  current,  3  amp. 


15 

Magnetic  Wire  Recorder 

Radiotechnic  Laboratory,  1328 
Sherman  Ave.,  Evanston,  Ill.,  now 
have  available  their  Model  66A  mag¬ 
netic  wire  recorder-reproducer  and 
Model  22N  recorder.  Recordings 
made  on  the  22N  are  played  back  on 
the  66A.  The  recorder-reproducer  is 
equipped  with  a  4-mil  medium  car¬ 
bon  steel  wire  11,200  feet  long  which 
accommodates  a  66-minute  program. 
Frequency  response  is  within  5  db 
from  300  to  8,600  cps.  Either  a  crys¬ 
tal  or  dynamic  mike  can  be  used  for 
recording  and  a  built-in  speaker  or 
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If  you  need  an  electrical  insulation  that’s  not 
affected  by  temperatures  up  to  1200°F.,  yet  is 
unusually  flexible,  workable  and  durable,  you’ll 
find  it  in  BH  Special  Treated  Fiberglas  Sleeving. 
Even  in  direct  contact  with  heat  units  this  re¬ 
markable  sleeving  won’t  burn. 

Reason?  It’s  made  of  inorganic  Fiberglas  and 
.  treated  by  the  exclusive  BH  process.  No  saturant 
is  used,  yet  the  sleeving  won’t  fray  when  cut  and 
it  is  permanently  flexible.  In  addition  to  many 
other  properties  it  is  moisture,  oil  and  grease  re¬ 
sistant  .  .  .  works  easier,  simplifies  assembly  and 
lasts  longer.  Made  in  natural  color  only — all 
standard  sizes.  Get  your  free  samples  today  and 
compare! 

HERrS  ANOTHER  NON-BURNING  SLEEVING 

BH  Extra  Flexible  Fiberglas  Sleeving  won’t 
bum  because  both  yams  and  impregnation  are 
non-inflammable.  This  high  quality  sleeving  has 
all  the  advantages  of  pure  Fiberglas,  is  toughened 
against  abrasion,  is  non-fraying  and  non-stiffen¬ 
ing.  It  lasts  indefinitely  without  rotting  or  crack¬ 
ing — the  ideal  all-purpose  electrical  insulation  for 
all  kinds  of  industrial  equipment  and  home  appli¬ 
ances.  Available  in  all  standard  colors  and  sizes 
from  No.  20  to  inclusive.  Put  it  to  the 
toughest  tests  you  know  and  watch  the  results! 


Ml  BN  PNOOUCTS  AVMLMUE  IN  STMIMRO 
36'  LEN6TNS  AND  500-R.  COILS 
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Frequency-Controlled  Relays 

Stevens-Arnold  Co.,  22  Elkins  St., 
South  Boston,  Mass.,  is  manufactur¬ 
ing  a  line  of  tuned  relays  well  suited 
for  remote  control  applications.  In 
the  radio  application,  the  switches 
are  sufficiently  sensitive  so  that 
when  made  on  special  order  they  can 
be  controlled  from  either  a  crystal 
detector  or  vacuum-tube  type  re¬ 
ceiver.  Response  time  is  only  a  small 
fraction  of  a  second. 

Each  switch  is  adjusted  at  the 
factory  to  accept  a  selected  band  of 
frequencies  in  the  range  of  20  to 
800  cps  and  to  reject  all  others.  In 
other  words,  one  switch  might  be 
controlled  by  the  band  from  50  to 
60  cps,  another  by  the  band  from 
65  to  75  cp^,  another  by  the  band 
from  80  to  95  cps. 

When  more  than  one  switch  is 
connected  together,  the  combination 
provides  a  means  of  selective  switch¬ 


ing  by  a  choice  of  frequency  bands. 
The  range  of  20  to  800  cps  is  ade¬ 
quate  for  the  control  of  many 
separate  switches  on  a  single  carrier 
circuit,  and  by  combining  the  fre¬ 
quency  bands  in  a  coded  sequence, 
any  number  of  selective  switching 
operations  can  be  obtained. 

Frequency  selection  and  rejection 
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Permoflux  Designs  Assure 
Faithful  Reproduction! 


Because  Permoflux  Speakers  excel  in  translating  the  tone 
capabilities  of  carefully  designed  circuits,  more  and  more 
of  the  country's  outstanding  radio  manufacturers  are  speci¬ 
fying  them  as  preferred  equipment.  Manufactured  in  a  full 
range  of  true-dimensioned  sizes  for  every  power  handling 
requirement,  Permoflux  Speakers  provide  the  answer  to 
today's  growing  demand  for  better  tone  quality. 


PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


headphones  for  play-back.  Controls, 
timing  indicator,  and  volume  level 
are  simple  and  accessible. 

The  equipment  operates  on  115  v 
a-c,  60  cps  and  consumes  130  w.  It 
measures  11x8x121  in.  and  weighs 
30 i  lb.  The  22N  was  designed  for 
airborne  service  and  operates  at 
28  V  d-c  with  a  current  drain  of  2.5 
amp.  Signals  from  a  carbon-button 
mike  or  a  radio  receiver  can  be  re¬ 
corded.  The  unit  weighs *13^  lb. 


permoflux 

PERMOFLUX  CORPORATION 

4900  WEST  GRAND  AVE.,  CHKAGO  39^  lU. 


YES,  Sylvania  supplies  ALL  these 
rectifier  types  to  equipment  manufacturers 


METAL 


VACUUM 


A  « 

\ 

\ 

&AS 

ARGON  \  NEON 
HELIUM  HYDROGEN 
XENON  KRYPTON 
MERCURY 


A 

V 

L 

TT 


Whatever  type  of  rectifier  you  require,  in  standard  sizes  or 
built  to  specification,  bring  your  problem  to  Sylvania  Electric. 

SYLVANIAJTELECTRIC 

Electronic*  Division  , , .  500  Fifth  Avenue,  >or/c  18,  A.  V. 
makers  of  electronic  DEVICES:  radio  TUBES;  cathode  RAY  TUBES;  FLUORESCENT  LAMPS.  FIXTURES,  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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FWe  did  .  .  .  W( 
design  and  build 
^  rectifier  stacks  — 
in  all  shapes  and  sizes 
and  for  a  wide 


variety 
applications,  many  hereto¬ 
fore  considered  not  practical 


We  have  had  twenty-five 
years  experience  in  the 
study  of  metallic  rectifier 
applications  i  s  .  When¬ 
ever  you  have  a  problem 
of  converting  AC  to  DC 
—  consult  B-L. 


■  Mmh  m  tW 

AA64 


the  BEHWOOD-LINZE  C0“ 
ST  LOUIS  MO* 


CAN  YOU  BUILD  A  RECTIFIER  ONE  AND  ONE  HALF  INCHESj 
TO  WITHSTAND  HEAVY  OVERLOADS  SELF  HEALING. 
HERETOFORE  CONSIDERED  IMPRACTICALl 


SELENIUM 

Highest  efficiency,.  Longlife,, 
Lowest  reverse  currettt. ,  Free- 
dom  from  moisture  damage. 


B-L  Metallic  Rectifiers  are 
designed  for  power  ratings 
from  milliwatts  to  kilowatts 
— in  every  shape  and  size. 


COPPER  SULPHIDE 

Smallest  sizes for  all  power  rat~ 
ings . ,  Capable  of  withstanding 
heavy  overloads . ,  Self-healing 
, .  Rugged , ,  Operate  at  high¬ 
est  ambient  temperatures. 


Typical  Applications 

Battery  Charging 
Theatre  Equipment 
Electroplating 
Relays 
Telephones 
Magnetic  Chucks 
Electrolysis 
•  Generator  Control  . 
Magnetic  Separators 
Magnetic  Brakes 

and  many  other  applica¬ 
tions  where  DC  is  required 
from  AC  power  supply. 


THE  BENWOOD-LINZE  COMPANY 

ItlS  LOCUST  SntEET  ST.  LOUIS  3,  MO. 

Long  Distance  Telephone  CEntrol  5830 

Designers  and  manufactvnrs  of  Selenium  and  Copper  Sulphide 
Rectifiers,  Battery  Chargers,  and  DC  Poorer  Supplies  for 
practically  every  reqwrement. 


is  obtained  by  using  the  well-knowr. 
vibrating-reed  principle  with  herme¬ 
tic  sealing  and  other  design  features 
which  make  the  switches  mainten¬ 
ance-free. 

Ratings  of  1  to  10  amp,  115  v  a-c 
are  available.  The  size  shown  in  the 
illustration  measures  3  x  4  x  5  in. 
One  set  of  binding  posts  is  for  the 
selected-frequency  a-c,  required  to 
control  the  switch.  Another  set  is 
for  the  auxiliary  power,  required  to 
operate  the  switch.  The  remaining 
three  are  the  switch  terminals,  this 
being  a  single-pole  double-throw 
model. 


17 

Repeat-Cycle  Timer 

Photoswitch  Ing.,  77  Broadway, 
Cambridge  42,  Mass,  has  designed 
the  Type  2T15U  timer  for  machin¬ 
ery  and  process  control  for  applica¬ 
tions  requiring  two  adjustable  tim¬ 
ing  periods  to  run  in  a  continuous 
cycle.  This  cycle  is  initiated  by 
either  momentary  or  sustained  con¬ 
tacts,  and  provision  for  automatic 
recycling  is  provided.  Each  timing 
period  is  adjustable  from  l/20th  sec¬ 
ond  to  two  minutes.  Control  is  ac¬ 
complished  through  specially  de¬ 


signed  snap-action  relays  which  re¬ 
sult  in  extreme  accuracy.  Interval 
variations  in  repeat  cycle  timing  are 
less  than  2  percent.  The  unit  pro¬ 
vides  six  maximum  time  ranges  from 
1.6  seconds  to  two  minutes  for  each 
period  of  the  cycle.  Each  range  is 
represented  by  a  timing  element 
which  is  snapped  into  a  clip  on  the 
front  of  the  control.  The  timer  may 
be  then  set  for  any  intervals  up  to 
these  maximums  by  dials  which  are 
located  either  on  the  timer  itself  or 
in  a  small  housing  at  a  more  conven¬ 
ient  location. 

Power  supply:  115  v  a-c  or  d-c. 
Output  connections  are  those  of  a 
spdt  switch  for  normally  open  and 
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The  General  Industries  Company 

DEPT.  M  •  ELYRIA,  OHIO 


normally  closed  operational  use. 

Contacts:  1000  w,  116  to  600  v 
a-c  and  600  w,  116  to  220  v  d-c.  The 
actuating  control  is  designed  so  that 
either  momentary  or  sustained  con¬ 
tacts  will  control  timing  interval. 


Television  C-R  Tube 

Allen  B.  DuMont  Labs.,  Inc.,  Pas¬ 
saic,  N.  J.,  has  the  type  7EP4  cath¬ 
ode-ray  tube  in  quantity  producUon 
for  use  in  low-priced  television  re¬ 
ceivers.  This  7  in.  tube  provides  for 
a  normal  screen  image  61  in.  wide 
by  41  in.  high,  which  is  adequate  for 
entertaining  a  group  of  several  look- 
ers-in.  If  desired,  the  screen  size 
can  be  increased  to  6i  in.  wide,  with 


You  CAN  sately  trust  Gen¬ 
eral  Industries  Smooth 
Power  motors  to  deliver  com¬ 
pletely  satisfactory  perform¬ 
ance  in  your  phonographs,  re¬ 
corders  and  record-changers. 
They’re  compact,  lightweight 
yet  sturdily  built  Their  uni¬ 
form  speed  and  quiet  opera¬ 
tion  make  them  smooth  as 
velvet.  Our  comprehensive 
line  gives  you  a  wide  selec¬ 
tion  for  your  planning  and  fu¬ 
ture  requirements.  For  smooth 
performance,  standardize  on 
Smooth  Power  motors. 


satisfactory  results.  The  images  are 
of  high  luminosity  so  that  the  room 
does  not  have  to  be  darkened  unless 
so  desired  for  maximum  concentra¬ 
tion. 

The  7EP4  tube  fits  easily  into  a 
cabinet  of  reasonable  depth,  being 
15  i  in.  long.  The  accelerating  poten¬ 
tial  is  only  2;600  volts,  therefore  call¬ 
ing  for  a  power  supply  that  is  rela¬ 
tively  low  in  cost. 


Transmitting  Triode 

Eitel-McGullough,  Inc.,  San  Bruno, 
Calif.,  announces  the  Eimac, 
3x2600 A3,  a  medium  mu,  forced-air 
cooled,  external  anode  transmitting 
tric^e.  It  incorporates  features 
which  make  it  suitable  for  effective 
use  at  frequencies  well  into  the  vhf 
range,  as  well  as  at  lower  frequen- 
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THE  90800 
"50  WATT" 


Transmitter-Cxater 


Again  in  prodwcHon  is  In*  No.  90800  trans- 
mHlor-oxcitar  wnH.  Basod  oli  on  original 
Handbook  dosign,  this  Boxiblo  unit  is  idool 
for  oMior  low  powor  omotovr  bond  trons* 
minor  uso  or  os  an  oxcHor  for  kigkor  powor 
PA  stogos.  Pricod  at  only  $37.50;  loss  tvbos, 
but  with  coils  for  ono  bond  oporation.  Unloss 
othorwiso  roquostod,  coils  fumishod  aro  for 
10  motor  output  with  40  motor  crystal.  Tubos 
used  aro  807  and  6L6. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


Atlas  Tool  &  Designing  Co. 
Atlas  Metal  Stamping  Co. 

Castor  &  Kensington  Aves.,  Philo.  24,  Po 


THE  FIRST  MESSAGE  from  the 
Army’s  first  Boeing  Superfort¬ 
resses  over  Japan,  on  the  Yawata 
mission  of  June  15,  1944,  was 
transmitted  by  a  Collins  radio 
transmitter,  equipped  with  the 
Autotune,  automatic  tuning  de¬ 
vice.  Upon  its  reliability  has 
depended  the  success  of  many 
air  operations  since. 

Gears  for  assembly  in  the  Auto¬ 
tune,  shown  here,  required  tol¬ 
erances  of  .0005'',  and  Collins 
Radio  specified  Beaver  Gears 
because  of  their  consistent  ac¬ 
curacy  and  fine  finish. 


This  quality  of  production 
offers  the  same  dependability 
at  no  extra  cost  for  your  gear 
requirements  in  radio,  elec¬ 
tronics,  instruments  and  com¬ 
munications.  You  are  invited 
to  submit  prints  for  quotation. 


I 


I 


1021  PARMiLE  STRiET,  ROCKFORD,  ILLINOIS 


For 

Home  Receivers 
Record  Changers 
Transmitters 


This  Assembly  Fixfure 
Cuts  Manufatfuring  Costs 

•  Assembly  and  wiring  time  are  reduced  because 
the  position  of  the  chassis  is  instantly  adiustoble  lor 
each  operation. 

•  Operators  do  better  work  with  less  fatigue# 
thereby  minindsing  costly  trouble  shooting. 


Resistor  Boards  •  One  fixture  investment  serves  lor  all  models 

etc.  since  each  fixture  is  adiustoble  to  various  chassis 

uses. 


ROBERT  L.  STEDMAN  MACHINE  WORKS 


SPECIALISTS  IN  MASS  PRODUCTION  TOOLS 


OYSTER  BAY,  LONG  ISLAND 


NEW  YORK 


r 


cies.  The  grid  terminates  in  a  ring 
interposed  between  the  plate  and 
filament,  to  permit  maximum  con¬ 
venience  in  the  use  of  a  tube  as  a 
grounded-grid  amplifier  at  high  fre¬ 
quencies  with  coaxial  plate  and  fila¬ 
ment  tank  circuits.  The  tube  is  also 
provided  with  a  rugged,  low-induct¬ 
ance  cylindrical  filament-stem  struc¬ 
ture,  which  allows  a  smooth  transi¬ 


tion  between  a  linear  filament  tank 
circuit  and  the  tube.  As  a  result  of 
the  use  of  these  unique  grid  and  fila¬ 
ment  terminal  arrangements,  it  is 
possible  to  install  or  remove  the 
3X2500A3  without  the  aid  of  tools. 

The  3X2500A3  is  capable  of  de¬ 
livering  relatively  high-power  out¬ 
put  at  low  plate  voltages.  A  single 
tube  will  deliver  a  radio-frequency 
output  of  5000  watts  at  3500  plate 
volts  at  low  frequencies,  and  3500 
watts  at  3000  plate  volts  at  a  fre¬ 
quency  of  110  me.  The  tube  is  of  ex¬ 
tremely  compact  design,  having  a 
diameter  of  less  than  4^  inches. 


20 

Small  Motor 

Two  NEW  FRACTIONAL  hp,  shaded- 
pole  motors  suitable  for  duties  re¬ 
quiring  moderate  torques  are  avail¬ 
able  from  Small  Motors,  Inc.,  1308 
Elston  Ave.,  Chicago,  Ill.  The  motors 
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PHENOLIC 

RESINS 


Why  Durez  Phenolic  Plastics? 

As  specialists  in  the  production  of 
phenolic  plastics  for  the  past  quarter 
century,  the  Durez  staff  have  developed 
more  than  300  multi-propertied  Durez 
phenolic  molding  compounds  from 
which  to  select  the  plastic  that  pre¬ 
cisely  fits  the  job. 


molding  operation  considerably  and 
results  in  the  strong,  attractive  cabi¬ 
net  shown. 

The  smaller  unit,  Admiral’s  automatic 
record  player,  is  also  molded  of  Durez 
but  in  a  300- ton  press. 

Why  Plastics? 

The  progressive  Admiral  Corporation 
experimented  and  found  that  for  top 
quality  cabinets  of  this  type — having 
light  weight  and  an  integral,  lustrous 
finish,  plastics  were  better  suited  than 
any  other  material. 

Why  Phenolic  Plastics? 

The  excellent  moldability,  impact 
strength,  eye-appealing  finish,  and  the 
non-resonance  of  phenolic  plastics 
proved  the  decisive  factors  in  the  choice 
of  these  most- versatile-of-all -plastics. 


Dispelling  the  time-worn  theory  that 
large  molded  plastic  pieces  are  imprac¬ 
tical  and  uneconomical,  these  Admiral 
phonograph  and  radio-phonograph 
cabinets  effectively  demonstrate  that 
large  products  as  well  as  small  can  be 
molded  of  Durez  phenolic  plastics. 
The  bigger  cabinet  (right)  when  as¬ 
sembled  contains  a  five-tube  radio  and 
automatic  record  player.  The  molded 
Durez  body  weighs  9^2  pounds  and  the 
cover  31/2  pounds.  This  makes  a  total 
cabinet  weight  of  only  1 3  pounds. 


Write  for  Free  Booklet 

"Machining  Data  on  Phenolic  Plastics" 
is  an  informative  manual  which  covers 
all  the  standard  machining  operations 
encountered  in  the  average  plant.  Write 
for  your  free  copy.  No  obligation,  of 
course.  Durez  Plastics  &  Chemicals, 
lnc.,83  Walck  Road, North  Tonawanda, 
New  York,  txpor!  Jtients;  Omni  ProJtwts 
Corpcnition  40  iasl  34th  Street,  T^eu'  Oork 

16.  y. 


Radio  Frequency  Preheat 

Compression-molded  in  a  400-ton 
press,  the  special  Durez  compound 
used  in  this  larger  unit  is  preheated 
by  radio  frequency.  This  modern 
method  of  production  facilitates  the 


PLASTICS  THAT  FIT  THE  JOB 
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now  has  for  delivery 
long  awaited 

PRESTO  PRODUCTS 


ELECTRICAL  REACTANCE 
CORPORATION 

FRANKLINVILLE,  N.Y. 


are  of  the  four-pole  type,  wound  for 
116  V  60  cps,  single  phase,  and  may 
be  had  with  either  ball  or  oilless 
bearings.  Field  and  rotor  cores  are 
laminated.  Windings  for  special 
voltages  or  windings  to  stand  locked 
rotor  conditions  are  made  to  order. 

Four  sizes  are  made:  the  SP-37 
with  ratings  from  1/lQO  hp  to  1/40 
hp  and  speeds  from  1,460  to  1,660 
rpm;  and  the  SP-38  with  ratings 
from  1/36  hp  to  1/10  hp  and  speeds 
I  from  1,400  to  1,650  rpm. 


As  the  supply  situation  relaxes, 
HARVEY  can  supply  more  and  more 
famous  radio  and  electronic  com¬ 
ponents  and  equipment,  such  as  the 
dependable  Presto  recorder  and 
transcription  playback  described  be¬ 
low.  Avail  yourself  of  our  rapidly 
growing  stocks,  our  fast,  efficient 
service,  our  technical  know-howl 
Get  the  equipment  you  need  now 
by  placing  your  order  promptly. 

PRESTO  Model  “K" 


Midget  Thyratron 

General  Electric  Co.,  Schenectady, 
N.  Y.,  announces  the  type  GL-502  A 
all-metal  midget  thyratron  with  a 
net  weight  of  two  oz,  height  two  and 
one-half  inches  and  a  diameter  of 
one  and  five-eight  inches.  Because  of 
its  low  grid-anode  capacitance,  the 
thyratron  is  relatively  unaffected  by 
line-voltage  surges. 

Specific  applications  for  the  tube 
include  its  use  in  controlling  the 


Dependable  performance  in  any 
electronic  equipment  is  the  sum  of 
little  things.  And  when  those 
“little  things”  are  Hi-Q  compo¬ 
nents  you  can  rest  assured  that 
performance  will  be  thoroughly 
dependable.  Hi-Q  components  are 
available  in  any  desired  quantities 
to  your  specifications.  Send  for 
samples  and  complete  data. 


A  portable  sound  recorder,  record 
player  and  public  address  system. 
Complete  In  a  single  carrying  case. 
The  Model  “K**  records  15  minutes  con¬ 
tinuously  at  33'/3  RPM  on  side  ef  i3'/4‘’ 
disc.  It  also  makes  6.  8.  10,  and  12  inch 
records,  and  plays  all  makes  ef  phonograph 
records.  With  its  many  exclusive  features 
found  in  no  ether  low  priced  recorder,  the 
user  is  able  to  make  high  guality  recordings 
consistently,  reducing  spoilage  cost  ef  discs 
and  needles.  As  a  voice  ampiifying  system, 
it  serves  audiences  of  about  500  persons. 

PRESTO  Model  “L” 

TRANSCRIPTION  PUYBACK 


CERAMIC  CAPACITORS 
Cl  Typ«:  axial  loads 
CN  Type:  parallel  leads 

Made  of  titanium  dioxide  (for 
temperature  compensating  types). 
Tested  for  physical  dimensions, 
temperature  coefficients,  power 
factor  and  dielectric  strength. 


speed  of  fractional-horsepower  mo¬ 
tors,  operation  with  phototubes,  in 
sequence  timers  and  electronic  tem¬ 
perature  control. 

The  GLi-602  A  is  an  inert-gas- 
filled,  double-grid  thyratron  with 
negative  control  characteristics.  The 
control  characteristic  of  this  tube  is 
independent  of  ambient  temperature 
over  a  wide  range.  It  has  high  sen¬ 
sitivity  characteristics  because  the 
grid  current  is  low  enough  to  permit 
the  use  of  a  high  resistance  in  the 
grid  circuit. 


for  thota  wbo  demand  "semeHiIng 
better"  In  portable  reproducing 
equipment.  Small,  light  weight,  easy 
to  operate. 

Its  extreme  simplicity  and  remarkabiy  tiear. 
wide  range  reproduction  have  made  the 
Medel  "L"  a  faverite  of  radio  stations, 
advertising  agencies  and  program  producers. 
It  consists  of  a  12*  dual  speed  rim-driven 
recording  turntable,  a  16*  pickup  on  a 
swivel  mounting  which  folds  into  the  case 
when  net  la  use.  a  4'/i  watt  amplifier  and  an 
g*  loedspeakerv  mounted  in  a  single  ease.  The 
speaker  mounted  In  the  case  cover  Is  eguip- 
ped  with  a  20'  extension  cable.  Semi-per- 
manoat  needle  supplied  as  initial  eauipment. 


WIRE  WOUND  RESISTORS 
Fixed  Type 

Immediately  available  in  standard 
ratings  or  precision  built  to  any 
toleraiTce  or  value. 


CHOKE  COILS 

Sturdy  construction.  Insulated  or 
uninsulated.  Quantity  production 
available  at  once. 


Talepkoaa  Orders  to  LO  3-1 800 


Cable  and  Pipe  Locator 

W.  C.  Dillon  &  Co.,  6410  W.  Harri¬ 
son  St.,  (Chicago  44,  Ill.  produces  the 
Stewart  Cable  Tester  &  Locator 
Combined.  It  finds  old  cable  or  pipe 
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on  both  induction  and  dielectric  heating  .  .  .  their  principles 
»nd  theories;  where  to  use  them;  how  to  select  them;  aaual 
case  histories  of  their  use.  Write  for  your  copy  today,  on  your 
business  letterhead,  please.  Ask  for  B-3620. 
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making  an  end  of  a  job 


•  •  • 


Speeding  assembly  operations  is  an 
important  result  of  dielectric  heating 
in  modern  wood  processing.  Here’s 
an  example. 

The  job  was  to  glue  four  wood 
pieces  into  a  frame,  glue  plywood  to 
the  frame  and  do  both  jobs  in  one 
operation  at  the  rate  of  125  units 
every  hour!  The  complete  assembly 
measured  12'  x  36'  and  formed  an 
end  piece  for  a  chest  of  drawers. 

The  solution  found  in  the  laboratory 
rested  in  the  technique  shown  below 
.  .  .  joints  were  heated  by  electrodes 
and  glue  set  without  pressure.  The 


plywood  was  then  glued  to  the  frame 
at  pressure  of  110  to  170  psi  with  a 
cold-setting  glue.  Shrewd  designing 
confined  heating  to  regions  near  the 
glue  line,  permitted  the  use  of  a 
smaller-size  generator. 

Your  benefits  in  using  electronic 
heating  apply  to  all  types  of  heat- 
treating  .  .  .  hardening,  sintering,  an¬ 
nealing,  brazing,  soldering,  curing 
and  molding.  Get  the  complete  story 
from  your  nearest  Westinghouse  office 
today.  Or,  write  Westinghouse  Elec¬ 
tric  Corporation,  P.  O.  Box  868, 
Pittsburgh  30,  Pa.  j-mi41 


laid  many  years  ago  on  which  instal¬ 
lation  records  have  been  lost  or  for¬ 
gotten.  It  locates  the  exact  path  of 
cable  or  pipe  to  or  from  buildings; 
finds  position  of  a  water  main  in 
street  or  alley;  has  a  lamp  circuit  for 
checking  all  connections  after  test 
has  been  set  up. 

It  is  especially  valuable  for  check¬ 
ing  depth  of  cable  at  river  crossings. 
It  determines  whether  or  not  a  serv¬ 
ice  pipe  is  below  the  frost  line  in 


^  #  MANUFACTURING 
COMPANY 

2114  CLEAR  LAKE  AVENUE,  SPRINGFIELD,  ILLINOIS 
.XrORT  DIVISION:  2S  WARREN  STREET  •  NEW  YORK  7,  N.  Y. 


JLUjl 


JUU 


lowering  or  regrading  thoroughfare. 
The  unit  is  also  used  to  rechart  a 
town  or  district  where  records  have 
been  lost. 

It  is  furnished  with  detector  coil 
and  neutral  exploring  coil.  Built-in 
level  in  coil  enables  operator  to  main¬ 
tain  absolute  accuracy. 

The  uses  of  this  instrument  cover 
the  needs  of  industrial  concerns, 
public  utilities,  light  and  power 
fields,  telephone  service,  forestry, 
and  many  others. 

The  unit  is  ruggedly  built,  easy 
portable,  compactly  encased  for 
rough  uses  and  weather.  Size;  12i 
X  7i  X  11  in  high.  Weight:  approx¬ 
imately  22  lb,  including  head  phones, 
neutral  exploring  coil,  and  fish  scale 
exploring  coil. 


The  new  Gothard  Indicator  Light 
Assemblies  Catalog  is  bigger  and  bet¬ 
ter  than  any  similar  catalog  ever 
published.  It  oilers  a  wealth  of  scien¬ 
tific  data,  which  will  greatly  aid  you  in  selecting  the  right 
assembly  for  your  industrial,  household  appliance,  radio  or  other 
apphcations.  It  also  illustrates  and  describes  the  largest  selec¬ 
tion  of  Underwriters  approved  assemblies  for  any  voltage  and 
style  of  miniature  lamps  and  built-in  resistor  assemblies  for 
neon  lamps.  Here  is  the  latest  data  published  on  Indicator  Light 
Assemblies — ask  for  your  copy  immediately. 


Tapped  Capacitor  Block 

Tobe  Deutschmann  Corp.,  Canton, 
Mass,  produces  a  capacitor  block 
which  is  applicable  to  power-factor 
correction  in  single-  and  polyphase 
circuits.  The  block  is  made  up  of 
dual  5  juf  units  which  are  oil-filled 
and  hermetically  sealed  in  metal 
cases.  Assemblies  are  available  in 
sizes  from  600  va  to  2  kva  for  opera¬ 
tion  at  230  V  50-60  cps.  These  capac- 
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rings 


RETftW'SL. 


McIntyre 


PRESSURE 


PUMPS 


WALDIS  RONINOOI,  INC.,  IONS  ISLAND  CITY  1.  NIW  YORK  •  cAii«»i*ii  nirancHTATfvKt  MCMce  rao«*(M  ce*»..  lto..  rt  r*  tT*rfO*o  rmoT.  Twaowro 


EFFICIENCY  MULTIPLIED 

Aircraft  depend  on  McIntyre  pressure 
pumps,  and  Truarc  Retaining  Rings 
make  McIntyre  pumps  more  depend¬ 
able  by  making  possible  fewer  parts, 
better  integrate  parts. 


DESIGN  SIMPLIFIED 

This  McIntyre  pressurizing  pump  can 
be  assembled  quicker. ^peasier..  bet¬ 
ter-thanks  to  design  economy  made 
possible  by  Truarc  retention  principle.^ 


&^'lectiion  &^€'t^inianc€ 


I  Valdet  Truarc  allows  lighter, 
*  more  compact  design. 

^  Permits  vital  dimensions  toler- 
ance  to  :^.0001. 

Permits  exact  assembly  of  bear- 
3*  ings  and  thrust  washers  with 
less  machining. 


e  Cuts  assembly  and  disassembly 
time  to  a  fraction. 

M  Greatly  reduces  danger  of  injury 
to  other  precision  parts. 

wj  Gives  greater  protection  to 
*  *  '  drive  shafts  at  12,000  RPM. 


m  Maintains  accurate  position  of  ^ 

parts.  V*  Has  never  failed  in  service. 

Our  engineers  will  be  glad  to  show  you  how  this  superior  retention  principle 
can  be  applied  to  your  machines  and  products.  Vrite  Dept.  H-3. 


WRLDB8  TRUARC  RBTAININQ  RINGS 
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WRISCHLS 


itors  are  capable  of  continuous  oper¬ 
ation  at  temperatures  up  to  75C  and 
their  normal  heat  rise  at  full  voltage 
is  less  than  IOC. 

The  capacitor  block  is  contained 
in  a  housing  of  16-gage  steel  with 
knockouts,  at  opposite  ends,  accom¬ 
modating  half-inch  metal  conduit. 
Circuit  connection  is  made  to  solder- 


WORKS  LIKE  A 
SCREWDRIVER 

Speeds  Prodettion/ 


Standard 
Sizes^  Hex, 

Square  or  Knurled, 

Chuck  Type  with  many 
Tools  for  many  uses 
Radio  and  Electrical  Shops 
Need  them 


e  R»qulr«  no  colibrotion 

•  Rapid  roadinga 

•  Simplo  to  <q;>orato— last  tip  and 
road 

•  Two  modoU  (AA)  0  to  5000  mi- 
crona — (BB)  0  to  700  microna,  with 
roadinga  to  1/10  micron. 

F.  J.  STOKES  MACHINE  CO. 

M4«  Tobor  Rood  Hdlodolpbio  20.  Po. 
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WALDEN 


INC 


STEVENS 


468  SHREWSBURY  STREET 


WORCESTER,  MASSACHUSETTS  ■ 


to  number  12.  Flanges  at  the  ends 
of  the  housing  facilitate  its  mount¬ 
ing  to  a  flat  surface.  The  overall 
dimensions  of  the  600  va  unit  are 
4ii  X  5^  X  in.;  the  1  kva  unit  is 
Hi  in.  long;  the  2  kva  unit  is  231  in. 
long.  Other  ratings  are  available 
on  special  order. 


Fluid  Pressure  Switch 

Mu-Switch  Corporation,  Inc.,  880 
Pequit  St.,  Canton,  Mass.,  can  fur¬ 
nish  an  electrical  control  initiated  by 
changes  in  fluid  pressure.  The  unit 
measures  1  x  2if  x  31  in.  The  electric 
control  element  is  a  standard,  spdt 
Mu-Switch.  For  industrial  applica¬ 
tions,  the  switch  is  rated  at  15  amp 
125  V  a-c  to  2  amp  600  v  a-c  or  one 
half  hp  at  voltages  up  to  460  a-c.  For 
aircraft  and  other  low-voltage  d-c 


•  Higher  Vacuum  (in  the 
low  micron  range) 

•  High  volumetric  efficiency 

•  Low  power  requirement 

•  Complete  discharge  of  air 
— ^no  re-expansion 

•  Continuous  dehydration  of 
oil  —  no  moisture  to  re¬ 
evaporate. 

•  Discharges  sudden  slugs 
of  liquid  without  injury 

•  Easily  accessible,  non-cor¬ 
rosive  discharge  valve 

•  Rugged,  compact,  simple 
construction 

•  Long  life  .  .  .  negligible 
maintenance 

•Five  sizes — from  10  to  235 
cu.  ft.  per  min. 


wayt  Accvme 


FT0KF.5 


gb  Vacuum 

«AUOBB«  tfiVlrantT 


.  .  .  and  for  general  purposes,  the  Series  39  Socket,  with  patented 
bow  spring  action  contacts  (with  or  without  a  soldering  tab  to 
eliminate  wiring  to  ground)  is  the  favorite  of  all  time. 

Automatically  machine  made,  tens  of  thousands  are  being  delivered 
to  the  radio  industry  to  enable  peak  production  of  standard 
receivers.  The  millions  in  use  give  testimony  to  its  being  the  favorite 
socket  of  pre  and  post  war  receivers. 

MANUFACTURING  CORP. 

175  VARICK  ST.,  NEW  YORK  14,  N.  Y. 

In  Colllornio  A  W  ERANKIIN  Mfg.  Corp.  of  CAUFORNI A,  2216  Weif  11  fh  Sf ,  lo«  Angelei  6,  Colif. 

SOCKETS  •  TERMINAL  STRIPS  •  PLUGS  •  SWITCHES  •  PLASTIC  FABRICATION  •.  METAL  STAMPINGS  •  ASSEMBLIES' 


electkonic  \ 
COMPONENTS 


TELEVISION 

ONE  PIECE  SOCKETS 


DJHEPTAL 

MAGNAL 


PERSONAL 


RECEIVERS 


SERIES  55A4  MINIATURE  MOLDED 


SERIES  60  MOLDED  OCTAL 

■'  ■  I  II  lij 


BROADCAST  RECEIVERS 
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signed  for  use  as  a  half-wave  recti¬ 
fier,  but  is  also  suited  for  use  in 
fiy-back  pulse  rectifiers  and  r-f  sup¬ 
plies  for  television  circuits. 


applications,  the  pressure  switch  has 
a  maximum  current  rating  of  25  amp 
at  28  V  d-c.  The  hub  for  electrical 
conduit  connection  has  an  internal 
half-inch  pipe  thread.  The  pressure- 
sensitive  portion  of  the  switch  as¬ 
sembly  consists  of  a  metal  bellows 
soldered  into  a  brass  tube  which  is 
securely  attached  to  the  metal  hous¬ 
ing  that  contains  the  electric  circuit 
element.  The  upper  end  of  the  pres¬ 
sure  chamber  has  a  standard  half¬ 
inch  pipe  thread  for  attachment  to 
the  pressure  line.  This  unit  can  be 
furnished  for  operation  with  a  dif¬ 
ferential  of  5  to  15  lb  at  nominal 
ratings  of  from  10  to  120  lb  per  sq  in. 
The  pressure  chamber  is  made  of  a 
corrosion  and  heat-resisting  mate¬ 
rial,  and  the  unit  can  be  safely  oper¬ 
ated  at  temperatures  up  to  300  F. 


0  ELECTRIC 

Hi  I 


FOR  RADIO  AND 
ELECTRONIC  APPLICATIONS 

ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electrical  service 
ior  electronics  and  television  applications  as 
well  os  for  scores  of  general  uses. 

Driven  by  Onon  4K:ycle  gasoline  engines, 
these  power  units  are  of  single-unit,  compact 
design  and  sturdy  construction. 
Suit^le  for  mobile,  stationary  or 
emergency  service. 

MmMs  ranf*  from  3SO  to  3S.OOO 
woAH,  A.  C.  ly^oo  from  115lo6SO 
volH,  SO,  40,  ISO  cyclot,  tin«lo  or 
Hiroo- photo  ond  400,  500  ond  tOO 
cyclo*.  tinglo  photo.  O.  C.  typot 
horn  6  to  4000  voHt.  Alto  ovoil- 
oMo  in  duol  voHogo  ond  tpociol 
frogwoncy  typot. 


^Aodol  \hown  is  from  W2C 
sones  2000  to  3500  watts, 
powt»rocj  by  Ongn  two-cyl¬ 
inder,  water-cooled  engine 


D.  W.  ONAN  &  SONS 


3274  Royolftop  Avo. 


Mippoppelit  S,  MIsp. 


At  Xionq  Iiast! 

A  FOLDED  DIPOLE  TURNSTILE 


F.M.  ANTENNA 


1-VIRYMIOAOIANO  —  ineorporatoo 
tocrtufoo  of  ordtaMry  luraotilo  wMi  yoal 
taapcoToaMBt  of  FOLDED  DIPOLE  pria- 


2  PROVIO  by  4  yocos  actual  ■octico  in 
loadlii9  SO  LW.  otoSoo. 


a-PACTORYPRITUNIO— BO  Bold  od- 


4-LAROI  SAPITY  FACTOR 


5— DBIONID  by  high  froquoacy  oad 
Rodor  antonna  oagiaoon  of  ZoaUh 
Radio  CorporoOoa. 


6-COfMPlfn  "PACKAGf"  —  oaocom- 
poay  oapplioo  orarythiag  Aad  No 
Extras  to  Buy. 


I’hont*.  W’ritt*  or  Wirr 


Antenna  Tower  Dept. 

WINCHARGER 

CORPORATION 

SIOUX  CITY  6,  IOWA 


.i 


Miniature  Rectifier 


National  Union  Radio  Corp.,  15 
Washington  St.,  Newark,  N.  J.  The 
type  1Z2  tube  which  will  handle  20,- 
000  v  within  its  2i  in.  bulb  is  de- 
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Self-Timing  Interrupter 

Electronic  Controls,  Inc.,  44  Sum¬ 
mer  Ave.,  Newark  4,  N.  J.  The  new 
ECI  interrupter  unit  is  comprised  of 
a  glass-enclosed  thermal  element  of 
the  hot-wire  type,  a  small  power  re¬ 
lay,  and  a  resistor,  when  required. 
The  device  can  be  supplied  with  a 
fixed  rate  of  interruption  or  with 
an  external  variable  adjustment. 
The  fixed  unit  can  be  supplied  in 


I 


IT  IH  i\IIIHI’UT/lllLE! 

. lluil  /)('!  \  iliri  ri  fiiled  Mnnu  Lisa 

T 

. lhal  ririyfr  Harris  rrraird 


Traci*.  ^^*9 

U  5  Pat  OH 


Down  thru  the  ages  the  inscrutable  countenance 
*of  Mona  Lisa  has  been  irrefutably  attributed  to 
and  associated  with  Leonardo  Da  Vinci.  Authen¬ 
ticated  records  prove  conclusively  that  he  wasMhe 
creator  of  this  masterpiece. 

Likewise,  the  indisputable  ownership  of^J^e 
trade-mark  NICHROME  for  Resistance  Wire  was 
established  by  this  duly  authorized  document 
granted  to  the  Driver-Harris  Company  on  August 
11th,  1908.  Subsequent  registrations  cover  other 

product  applications.  Thus  NICHROME  is  the  regis¬ 
tered  trade-mark  belonging  solely  and  wholly  to  the 
Driver-Harris  Company. 

NICHROME  is  also  the  symbol  of  service  that  has 
for  38  years  identified  the  world's  foremost  heat  and 
corrosion  resistant  alloy  —  the  time-tested  standard 
by  which  other  alloys  are  measured  Although  there 
are  other  excellent  nickel-chromium  combinations 

there  is  only  one  NICHROME . and  it  is  made 

only  by  Driver-Harris. 


t 

'  Nichrome  is  made  only  by 


Dri  ver-Harris 

COM  r.  i\)' 


HARRISON  •  NEW  JERSEY 


BRANCHES  CSicago  •  Delroif 


Cleveland  •  Los  Angeles  •  San  Francisco  •  Seattle 


mm 


Model  Se-4P20-F6 


Full-wave  rectifier 
rated  at  1 10  volts  A.C., 
80  volts  D.Cy  35  mini- 
amperes  D.C. 


Rectification  prob¬ 
lems  in  instruments, 
electronic  devices,  and 
power  applications 
have  been  readily  met 
by  Bradley  engineers, 
who  can  quickly  speci¬ 
fy  the  proper  selenium 
rectifier  for  your  appli¬ 
cation,  or  design  and 
produce  a  special  unit 
for  you. 


on  rocfuest, 
inm  itiodels  of 
selonnisi  rectifiors,  pios 
Cl  line  of  copper  oudde 
^etifiers  ond  pheloceltf. 
for  Bro^ 


BRADLEY 

liBORATORiES,  lUc. 

k  82  Meadow  St.  New  Haven  10,  Conn 


open-frame  or  plug-in  metal  enclos¬ 
ures;  the  adjustable  unit  in  dust 
cover  enclosure  only.  Timing  range 
is  from  1-12  pps;  voltage,  to  82  v 
d-c  or  to  125  v  a-c,  60  cps.  Contacts 
are  spst  normally  open  or  closed, 
dpst  normally  open  or  closed  and 
dpdt.  Contacts  carry  10  amp  (non- 
inductive,  at  sea  level). 


New  Tubes 


Lewis  Electronics,  Los  Gatos,  Calif., 
is  releasing  three  new  tubes  for 
communications,  medical  and  indus¬ 
trial  use.  The  3D23  is  a  high  fre¬ 
quency  tetrode.  Operation  is  possible 
up  to  250  me  wth  full-power  input 
and  up  to  400  with  half -power  input. 
Maximum  power  output  is  130  w  (35 


w  plate  dissipation)  making  the  tube 
suitable  as  a  power  amplifier,  oscil¬ 
lator  or  amplifier-doubler. 

It  is  made  with  a  medium  4-pin 
ceramic  bayonet  base.  Filament  is 
thoriated  tungsten,  voltage  6.8  a-c 
or  d-c,  current  3  amp.  The  overall 
length  of  the  tube  including  plate 
connection  is  4.875  in.  and  maximum 
diameter  of  the  bulb,  1.562  in.  The 


Model  M-151 

Improved  and  Stondord  Type 
Microphone  Jacks  and  Plugs 
Solid,  silver  plated  contact  coupling  con 
be  unscrewed  completely  for  soldering. 


Model  M.161 

Chassis  mounting,  solid  silver  plated 
contact.  Milled  flat  prevertts  turning. 


Model  M-170 

Motes  with  Model  M-1 51  ond  M-1 50 
standard  solder  contact. 


Model  M.160 

Chassis  mounting  standard.  Solder 
contact. 


Model  M-1 50 

Standard  solder  contact.  Mates  with 
Models  M-170,  M-1 61,  and  M-1 60. 

PRICE  AND  DEUVERY 
UPON  REQUEST 
SEND  FOR  OUR  LATEST 
BROCHURE. 


KINGS  ELECTRONICS  CO. 

sn  CUI8MN  AVL  ■MMU.im  a.  Niw  VtaK 


March  1946  — ELECTRONICS 


3D23 


mm 


THE  rad ACQH  TUNER 


Precision -designed  and"  quali¬ 
ty-engineered  . . .  this  Radacor 
Tuner  is  a  typical  example  of 
Micro-Ferrocart  “Quality  In 


Production  . 


In  combining  the  manufacture 


of  timer  and  core  in  this  newest 


component,  Micro-Ferrocart 
has  evolved  a  better  product 


at  lower  cost. 


For  complete  information  on 


this  Model  Til  Tuner  and  on 


other  Micro-Ferrocart  Prod¬ 


ucts,  write  to  the  address  below. 


ELECTRONIC  &  MECHANICAL  POWDER  METALLURGY 


M.LS,B£3 


EERRflfARl 


Maguire  industries,  me..  37s  fairfield  ave..  Stamford,  conn. 
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28 

Frequency  Standard 

General  Radio  Co.,  275  Massachu¬ 
setts  Ave.,  Cambridge  39,  Mass.  For 
standardization  at  low  frequencies, 
the  Type  816  vacuum-tube  precision 
fork  has  applications  in  geophysical 
exploration,  in  rating  clocks  and 
watches,  in  synchronizing  transmit¬ 
ting  and  receiving  equipment  in 


America's  Only  Soldering  Iron 

WITH  BMILT-IN 
O  STAT 


Rvady  for  vto  90  Mconds  oftor  plw99i<i«  iWl 
Tho  Kwikhoot  Soldoring  Iron  cannot  ovor* 
hoot . . .  odds  to  Ilfo  of  tipi . . .  rogoiroi  lots 
rotinning  tinio,  bocouto  Kwikkoot’i  bvilt*i« 
potontod  thormoitot  mointoini  propor.  ovoo 
boot  for  most  officiont,  oconomicel  oporotion. 
foworfwl— 225  wottt— yot  ligM  woight  (14 
oil.).  Woll  boloncod  with  cool,  protocting 
kondlo.  Six  intorckongooblo  tip  doiignt  adopt 
tbo  Kwikhoot  Iron  to  most  ony  toldoring  (ob. 
Iron  with  choico  of  any  ono  tip,  $11.00 

M  6  Interchangeable  tip 
^  styles  are  available. 


225  WATTS  POWER  in  •  Morn  14nis. 


HOT  IN  90  SECONDS 


THERMOSTATIC  SOLDERING  IRON 

A  Division  o* 

Sound  Equipment  Corp.of  Calif  •  3903  San  Fernando  Rd  .Glendale  -5. Calif 


FIBRE 


C  \  ^  X  Precision  \ 
A  parts  to  ! 

I  your  prints  j 

FABRICATIONS  i 


Rapid,  quality  production  of  phenol  fibre  and 
vulcanized  fibre  ports — either  simple  compo¬ 
nents  or  intricate  shapes  to  close  tolerances — 
con  be  supplied  to  your  exact  specifications. 
For  details,  write  for  descriptive  Bulletin  120 

N.  S.  BAER  COMPANY 

7-1 1  MONTGOMERY  ST.  •  HILLSIDE  N.  J: 


^  of  phenol  and 

V  vulcanized 
P  fibre- 

I  PUNCHED 
"  STAMPED 
SHAVED 
SAWED 
DRILLED 
MILLED 
TAPPED 

V  THREADED 


4C32  can  be  used  as  an  unmodulated 
class  C  radio-frequency  amplifier. 
Typical  operating  conditions  are: 
d-c  plate  voltage,  2,000;  power  out¬ 
put  400  w.  Maximum  input  is  900 
watts,  maximum  plate  dissipation 
200  watts.  Upper  frequency  limit  of 
the  tube  with  maximum  power  input 
is  60  me,  although  higher  frequencies 
are  attainable  if  the  plate  voltage 
and  power  input  are  appropriately 
decreased. 

The  tube  has  a  heavy’  graphite 
anode  and  an  extra  heavy  thoriated 
tungsten  filament. 

Plate  and  grid  connections  are 
made  at  the  top  and  side  of  the  bulb 
respectively  through  heavy  copper 
terminals  which  are  welded  directly 
to  the  glass.  The  tube  has  a  4-pin 
jumbo  bayonet  base  (metal)  with 
pins  extending  through  a  ceramic 
disc.  Overall  length  is  approximately 
lOi  in.;  maximum  dimension  along 
the  grid  lead  axis  is  approximately 
4^  in. 

Primarily  a  high  frequency  trans¬ 
mitting  beam  pentode,  the  4E27  can 
be  used  as  an  oscillator,  power  ampli¬ 
fier  (plate  or  suppressor  modulated), 
modulator,  or  amplifier-doubler.  By 
use  of  suppressor  grid  control  it  be¬ 
comes  possible  to  use  this  tube  simul¬ 
taneously  as  a  power  amplifier  and 
electron  switch  for  periodic  or  pulse 
time  transmission.  Output  is  rated 
as  200  w  up  to  75  me,  or  to  80  per¬ 
cent  of  normal  input  as  high  as  150 
me,  and  requires  small  driving  power 
for  full  output.  The  tube  can  be 
simultaneously  or  independently 
modulated  on  as  many  as  three  ele¬ 
ments.  The  high  screen  dissipation 
is  useful  for  electron-coupled  cir¬ 
cuits.  It  has  an  overall  length  of 
slightly  under  6  in.,  bulb  diameter  of 
22  in.  Contacts  are  made  through  a 
jumbo  7-pin  metal-sleeve  bayonet 
base,  plate  connection  being  made  at 
the  top  of  the  bulb.  Filament  is  pow¬ 
ered  at  6  a-c  or  d-c,  7.5  amp. 
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the  new  electronics  BUYERS’ GUIDE 


were  determined  by  questionnairing  a  cross- 
section  of  the  many  types  of  people  who  will  use  the  Guide.  They 
indicated  the  information  they  want,  need  and  use,  suggested'  impor¬ 
tant  listing  breakdowns  and  were  enthusiastic  about  its  vital  useful¬ 
ness.  That’s  why  we  KNOW  the  Guide  will  be  read  .  .  .  it’s  being 
“tailored  to  known  needs” 


^  will  provide  authentic,  easy-to-find  buying  ref¬ 

erence.  All  items  will  be  indexed  with  classifications  broken  down 
where  necessary  for  complete  clarification  to  quickly  answer  the 
question,  ‘‘Who  makes  it  and  where  can  I  buy  it?”  Advertisers’  names 
and  page  numbers  will  be  flagged  in  bold  type  as  the  source  of 
necessary  data  on  which  to  base  purchases  or  make  direct  inquiry. 


W  space  used  in  the  Buyers’  Guide 

should  come  out  of  Catalog  Budgets.  It  is  the  year-round  opportunity 
to  promote  ALL  your  products,  NOT  JUST  ONE.  Expose  them  all 
to  the  buyers  who  will  use  this  Guide.  Purchases  will  be  based  on  the 
data  your  ads  contain,  and  remember  advertisers’  names  and  page 
numbers  will  be  flagged  to  secure  immediate  attention.  Use  the  Guide 
as  your  Salesman- In-Print  to  reach,  daily,-  the  buying  readership 
assured  this  valuable  engineers*  data  book.  You  can’t  afford  to  miss  it! 

•«  electronics  - 


A  iiPARATE  ISSUE 
*  COMINO  JUNE  1946 

A  NEW  PLAN  has  been  adapted 
for  the  1946  Buyers*  Guide.  For 
the  Subscriber;  it  will  be  an  addi¬ 
tional,  bonus  issue  of  Elcctronics 
containing  news  and  vital  infor¬ 
mation  of  year-round  value,  plus 
the  most  authentic,  comprehensive 
listing  of  products  ever  attempted. 
For  the  Advertiser;  its  twelve- 
month  usefulness  assures  complete 
readership  by  the  largest  buying 
audience  ever  assembled. 

CLOSING  DATES 

Copy  to  prepare:  All  details  must  be 
in  our  New  York  office  not  later  than 
March  I5th.  Copy  to  set:  April  1st, 
no  proofs  April  10th.  Complete  Plates: 
May  1st.  Rates  and  detailed  infor¬ 
mation  can  be  obtained  from  the 
Electronics  representative  in  your 
territory,  or  send  for  the  12  page- 
descriptive  folder  illustrated  below. 


ABP 


330  West  42nd  St.  •  Established  1930  •  New  York  18,  N.'Y. 


^''///// 
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PRECISION  PARTS 


"SEE”  FOR  SEA  DOGS 


communication  systems,  in  timekeep¬ 
ing  and  in  chronographic  work. 

The  tuning  fork  is  fabricated  from 
low-temperature-coefficient  stainless 
steel  and  is  housed  in  a  temperature- 
controlled  chamber.  The  mounting  is 
designed  to  absorb  a  minimum  of 
energy  from  the  fork.  Electromag¬ 
netic  drive  and  pickup  coils  are  sym¬ 
metrically  placed  and  are  coupled 
through  a  vacuum-tube  amplifier 
with  automatic  amplitude  control. 

A  synchronous  clock  is  driven  from 
the  fork  and  registers  correct  time 


. . .  from  print  to  product” 


A  lens-mount  is  a  very  necessary  part  of 
sound-detection  equipment.  And,  like  the 
hundreds  of  other  equally  necessary  parts 
which  make  up  the  complete  unit,  it  must 
be  turned  out  with  truly  engineered  pre¬ 
cision  to  assure  perfect  operation  .  .  . 
hairline  efficiency. 

Ace  tumed-out  this  particular  part  from 
print  to  finished  product.  From  stainless- 
steel  bar-stock,  Ace  machined  the  blank, 
tapped  a  fine-class  thread,  and  thread- 
ground  the  O.D.  on  both  sides  of  the  flange, 
concentric  to  the  inside  tapping.  Delicate 
precision  .  .  .  accuracy  throughout.  The 
entire  part  was  checked  on  go  and  no-go 
gauges  again  and  again  throughout  each 
operation  to  insure  concentricity. 

Ace  is  a  pioneer  in  this  ever-increasing 
accuracy  which  industrial  demands  have 
taught  to  mass-production.  Here,  under 
one  roof,  is  a  source  of  supply  for  small 
parts  or  assembfies  which  call  for  stamp¬ 
ing,  machining,  heat-treating,  or  grinding. 
And  Ace  offers  the  modern  ingenuity  and 
carefully  controlled  production  ydu  need 
in  current  peacetime  conversion.  Send 
sketch,  sample,  or  blueprint  for  quotation. 

Capacity  open  in  threads 


ACE  MANUFACTURING  CORPORATION 
for  Procision  Parts 

1255  E.ERIE  AVENUE. PHILADELPHIA  24,PA. 


when  the  fork  is  vibrating  at  exactly 
its  rated  frequency.  Comparison  of 
the  readings  of  this  clock  with  radio 
time  signals  provides  a.  means  of 
checking  the  fork  frequency.  The 
frequency  stability  is  one  part  in 
100,000  (0.001  percent)  which  is  ap¬ 
proximately  equivalent  to  one  second 
per  day. 

The  fork  frequency  is  available  at 
output  terminals  with  either  sinu¬ 
soidal  or  peaked  waveform.  Maximum 
output  is  2  watts. 

Power  supply  is  a  115-volt  d-c  or 
a-c  line.  Two  models  are  available, 
Type  816-A  with  a  fork  frequency  of 
50  cycles  per  second,  and  Type  816-B 
with  a  60-cycle  fork.  Dimensions  are 
19  X  12i  X  12\  in. ;  net  weight  is  49i 
lb.  The  price  is  $385. 


Coaxial  Switches 

Bird  Electronic  Corp.,  1800  East 
38th  St.,  Cleveland  14,  Ohio.  Models 
74  and  72-2  Coaxwitch,  developed  for 
military  use  should  find  many  com¬ 
munications  applications,  particu¬ 
larly  for  double-ended  insertion  de¬ 
vices.  The  switches  are  designed  for 
use  with  50/52-ohm  cables  such  as 
RG-8/U  and  RG-9/U.  When  inserted 
ahead  of  a  52-ohm  load  previously 
matched  for  1.0  standing-wave  ratio, 


It-y  ■  - 

The  Home  Power  Servant 
also  handles  many  other 
jobs  efficiently,  dependably 

tFor  quiet  opera¬ 
tion,  dependable 
performance,  long 
life,  maximum 
power  per  ounce  of  weight 
and  per  inch  of  space,  use 
SM  Fractional  H.P.  Mo¬ 
tors.  Models  from  l/lOth 
to  l/200th  H.P.  Speeds  of 
3,000  to  20,000  R.P.M. 
Voltage  from  6  to  220 
AC-DC  Large  volume 
production  to  your  exact 
specifications. 


Wotors 


DEPT,  so  i 
laot  ELSTON  AVI.  •  CHICAGO  22 

Manufacturan  of  tpoclol  imoll  univor.  ^ 
tol,  fractional  H.  f.  motors,  dyno*  t 
motors,  shodod  polo  motors,  hootor 
moton,  gonorotors.  | 

O— Ign,  tngln—rlng,  Prodvtrton  [ 
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PHASE-SHIFT  MODULATORS 


FOR 


BROADCASTING 


[Before  the  war,  REL  was  the  only  manniacturer  oi  FM  broadcast 
transmitters  who  advocated  the  use  ol  the  Phase-Shiit  method  oi  producing  Frequency 
Modulation.  REL  transmitters  ho^e  always  employed  this  method  because  oi  the  very 
high  order  oi  stability  and  the  low  distortion  characteristics  that  ore  inherent  in  the 
system. 


It  is  with  considerable  pride,  thereiore,  that  we  now  iind  our  judgment 
confirmed  through  the  introduction  to  the  art  oi  crystal  controlled,  phase-shiit  arrange¬ 
ments  that  hove  been  engineered  by  other  manuiacturers.  It  is  certain  that  their 
deciaon  to  adopt  the  basic  principle  oi  the  Armstrong  Modulator  will  be  helpfiil  to 
the  FM  industry  as  a  whole. 


E  do  not  believe  that  the  circuitry  employed  to  produce  a  phase- 
shiit  is  as  important  os  the  recognition  that  the  Phase  Shiit  principle  is  the  best  We 
do  contend,  however,  that  the  periormonce  and  reliability  oi  the  dual  channel 
Modulator  by  REL  cannot  be  surpassed,  and  we  predict  that  the  operating  data  on 
all  systems  that  will  soon  become  available  to  the  industry  will  establish  this  iact. 


REL 


built  the  first  commercial  Phase-Shiit  Modulator  in  1938  and 


has  built  a  substantial  quantity  oi  them  during  the  last  eight  years.  The  experience 
gained  over  these  years  mokes  it  possible  ior  REL  to  oiier  the  most  advanced  designs 
and  insures  the  highest  quality  oi  periormonce  and  reliability. 


Sales  Represenfafives 

SOUTHEAST 
John  F.  Bivins  Elnetronic  Supply  Co. 

1008  Wellinpton  Road  112  North  Main  Stroat 

Hiphpoint.  North  Carolina  Andarwn,  South  Carolina 

PACIFIC  COAST  MIDWEST  MICHIOAN 

Norman  B.  Nooly  REL  Eaaipmont  Salas.  M.  N.  Du«y  &  Co.,  Inc. 

Entarprisas  Inc.  2040  Grand  Rivar  Ava.,W. 

7422  Melrosa  Avanuo  612  N.  Michipan  Blvd.  Datrait.  Mich. 

Hollywaod  46,  California  Chieata.  III. 


PIONEER  MANUFACTURERS  OF  FM  TRANSMITTERS  EMPLOYING  ARMSTRONG  PHASE-SHIFT  MODULATION 


RADIO  ENGINEERING  LABS..  INC. 

r  N  .  Y. 
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SPECIALISTS  IN 
SPECIAL  CRYSTALS 


SPACE  SAVING 
FREQUENCY  STABILITY 


Especially  suitable  for  applications  for 
close  frequency  tolerance  .  .  .  VHF  ser> 
vices  —  police,  aircraft,  railway  com¬ 
munications,  etc.  .  .  .  works  on  6.3v  at 
1  amp.  .  .  .  temp  control  within  ^3*C. 
.  .  .  operates  at  60X.  .  .  .  frequency 
control  of  .005  %  . , .  frequency  range 
3MC  to  1 4MC  ...  fits  octal  socket .  .  . 


W'rile  Dept.  EL  for  comprehensive 
Catalog,  "Selectronic  Crystals.” 


the  resulting  ratio  for  switch  and 
load  is  not  over  1.3  at  3,000  me. 
Modifications  of  this  type  of  switch 
are  available  on  special  order. 


^CRYSTAL  RESEARCH 

LABORATORIES  INC. 

U  ALLYN  SI.,  HARTfORO,  3,  CONN..  PHONE  I-32I5 


Vhf-uhf  Wattmeter 

Bird  Electronic  Corp.  The  Model 
63-A  wattmeter  can  be  used  to  facili¬ 
tate  alignment  and  power  measure¬ 
ment  of  transmitters  operating  be¬ 
tween  20  and  800  me  with  power 
output  up  to  500  w.  The  equipment 
essentially  comprises  a  blower-cooled 


QAse  cJiandard  C^ria  •  cfave  ^Ime  jTind  Q/Hi 
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resistance  element  is  helical  wound 
upon  a  piece  of  solid  steatite  and 
clamped  securely  at  both  ends  and 
in  the  middle.  The  element  can  be 
replaced  without  removing  the 
assembly. 


TYPE  4F 

Series  4  design  characteristics  are 
compactness  (1  5/8"  x  1  3/8"  x 
1  5/32"),  speed  2  -  -  3  milliseconds, 
medium  sensitivity  (10  milliwatts 
minimum  •  -  30  to  50  milliwatts 
for  aircraft  performance)  and  pre¬ 
cision.  Moderately  low  cost. 


Exposure  Control 

Electric  Eye  Equipment  Co.,  16 
West  Fairchild  St.,  Danville,  Ill.  The 
Hurletron  meters  accumulated  ex¬ 
posure,  thereby  taking  into  account 


1  draw  wire  as 
small  as 

{of  an  inch 
in  diameter 


TYPE  5F 


Series  5  relays  are  1  3/4"  x  1  3/8" 
X  1  7/16",  extremely  sensitive 
(.0005  watts  minimum  -  operation 
on  input  from  thermocouple) — 
maximum  resistance  to  shock  and 
vibration  —  precise  in  operation. 

Both  Series  available  with  en¬ 
closures  and  plug-in  bases,  and  in 
hermetically  sealed  enclosure. 


•  .  •  available  In  Platinum 
and  some  other  Metals 


fluctuations  of  light  intensity  and 
compensating  for  them.  By  means 
of  this  device,  identical  prints  may 
be  obtained  once  optimum  conditions 
have  been  determined. 


.00001''  is  less  than  1/30  the 
diameter  of  the  smallest  wire 
die  commercially  available. 
Yet  our  Wollaston  Process 
wire  (drawn  in  a  silver  jacket) 
closely  meets  your  specifica¬ 
tions  for  diameter,  resistance 
and  other  characteristics. 


Other  Sigma  relays  in  produc¬ 
tion,  and  still  others  under  de¬ 
velopment,  include  both  more 
specialized  and  complicated 
types,  as  well  as  simpler  and 
more  economical  designs  for 
both  A.  C.  and  D.  C.  operation. 


This  organization  specializes 
in  wire  and  ribbon  of  smaller 
than  commercial  sizes  and 
closer  than  commercial  toler¬ 
ances.  Write  for  Utt  of  Products. 


High  Power  Triode 

Taylor  Tubes  Inc.,  2312  Wabansia 
Ave.,  Chicago,  Ill.  The  zirconium 
coating  sprayed  on  the  833A  covers 
only  that  part  of  the  plate  which  is 
most  subject  to  heat  during  opera¬ 
tion,  thereby  resulting  in  an  improve¬ 
ment  over  the  former  tube  bearing 
this  designation. 

Maximum  signal  outputs  are:  as 
Class-B  modulators  (pair),  2,700  w; 
as  r-f  Class-B  amplifier,  telephone. 


Our  Sales  and  En- 
"gineering  Depart- 

)'  ments  are  at 
your  service. 
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more  efficient 
. . .  in  miniature 


Tung. SOL  lamp  works,  inc.,  Newark  4,  new  jersey 

Sales  Offices:  Atlanta  •  Chicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York 
Manufacturers  of  Miniature  Incandescent  Lamps,  All-Glass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 
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Many  oldsters  still  remember  the  old 
letter  copying  press  and  long  hours  spent  in  dim  light 
after  other  office  workers  had  gone  to  their  homes. 
While  carbon  paper  was  indeed  an  emancipator  of 
office  boys,  it  is  but  another  example*of  the  trend  to 
greater  efficiency  in  miniature. 

And  so  it  is  with  TUNG-SOL  Miniature  Electronic 
Tubes.  The  large  type  tube  did  do  a  job.  But  today, 
especially  in  high  frequency  circuits,  TUNG-SOL 
Miniatures  do  a  more  efficient  job.  The  shorter  leads 
on  the  Miniature  make  for  low  lead  inductance,  low 
inter-element  capacities,  and  high  mutual  conductance. 


TUNG-SOL 


The  smaller  and  lighter  parts  make 
possible  a  rigid  construction  that  is 
more  impervious  to  the  effects  of  shock 
and  vibration.  The  size  of  the  Minia¬ 
ture  makes  it  a  factor  in  reducing  the 
overall  size  of  radio  equipment. 

The  manufacturer  who  wants  his 
equipment  to  be  “modern”  must  consider  the  use  of 
Miniatures.  TUNG-SOL  Engineers  will  gladly  work 
with  you  in  planning  circuits  and  in  selecting  tubes 
with  the  sole  objective  of  making  your  equipment  as 
efficient  as  possible.  Your  confidences  will  be  strictly 
respected. 


NON-MAGNm 


smn-pousm 
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250  w;  as  r-f  Class-C  amplifier,  plate, 
modulated,  1,500  w ;  and  as  r-f  Class- 
C  amplifier,  telegraphy,  1,600  w. 

Physical  dimensions :  diameter 
4JS  in.  max;  height,  81  in.  Grid  and 
plate  caps  at  top :  i  in.  long  by  0.567 
in.  diameter.  Two  filament  caps  at 
bottom:  each  lA  in.  long  by  it  in 
diameter. 

Electrical  characteristics:  filament 
(thoriated  tungsten)  10  v  (:i-f  (,r 


d-c)  at  10  amp.  Amplification  factor: 
10.  Inter-electrode  capacitances:  g-f 
12.3ju,/u.f;  g-p  6.3/i/i,f;  p-f  8.5ju,/i,f. 

Typical  key-down  conditions  per 
tube :  Class-C,  r-f  amplifier  and  oscil- 
-lator:  (ICAS  ratings  with  forced  air 
cooling)  d-c  plate  volts,  4,000  v;  d-c 
grid  volts,  minus  225  v ;  peak  r-f  grid 
voltage,  415  v;  d-c  plate  current,  0.5 
amp;  d-c  grid  current,  95  ma;  driv¬ 
ing  power,  35  w;  power  output,  1,600 
w;  highest  frequency  for  maximum 
ratings,  20mc. 
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Radial  Cone  Loudspeaker 
Projectors 

University  Laboratories,  225  Var- 
ick  St.,  New  York  14,  N.  Y.  The 
Model  RBP-12  and  RBP-8  project¬ 
ors  are  designed  for  good  low-fre¬ 
quency  response  and  360-degree 


RESISTOR 
HOUSED  ' 
IN  SPRING 
CONTACT 
EYELET 


WRITE  FOR  NEW 


ILLUSTRATED 

BROCHURE 


■V  I  I  I  Lh  La  I  III  V  iv  ■ 


sd7ytenUjca,x^7vc. 


900  BROADWAY  •  NEW  YORK  3,  N.  Y. 

Telephone:  Algonquin  4-5180-1-2-3 
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LONG  SCALE,  WIDE  RANGE  VOLT-OHM-MILLIAMMETER 


D.  C.  MILLI  AM  PERES 

0-1-10-100-1000  Milliamperes,  at  250  M.V. 

D.  C.  AMPERES 

0-10  Amperes,  at  250  M.V. 

OUTPUT  READINGS 

Condenser  in  series  with  A.C.  V'olts  for  output 
readings. 

ATTRACTIVE  COMPACT  CASE 

Size:  2^"  x  6".  A  readily  portable,  completely 
insulated,  black,  molded  case,  with  strap  handle. 
A  suitable  black,  leather  carrying  case  (No.  629) 
also  available,  with  strap  handle. 


DOUBLE  SENSITIVITY 
D.  C.  VOLT  RANGES 

0-1.25-5-25-125-500-2500  Volts, 

at  20,000  ohms  per  volt  for  greater  accuracy  on 
Television  and  other  high  resistance  D.C.  circuits. 
0-2.5-10-50-250-1000-5000  Volts, 
at  10,000  ohms  per  volt. 

A.  C.  VOLT  RANGES 

0-2.5-10-50-250-1000-5000  Volts, 
at  10,000  ohms  per  volt. 

OHM-MEGOHMS 

0-400  ohms  (60  ohms  center  scale) 

0-50,000  ohms  (3(X)  ohms  center  scale) 

0-10  megohms  (60,000  ohms  center  scale) 

DIRECT  READING  OUTPUT  LEVEL  DECIBEL 
RANGES 

-30  to  -1-3,  -1-15,  -f29,  -1-43,  -f55,  -t-69  DB 

TEMPERATURE  COMPENSATED  CIRCUIT  FOR 
ALL  CURRENT  RANGES  D.C.  MICROAMPERES 
0-50  Microamperes,  at  250  M.V. 


LONG  5"  SCALE  ARC 

For  greater  reading  accuracy  on  the  Triplett 
RED  •  DOT  Lifetime  Guaranteed  meter. 


SIMPLIFIED  SWITCHING  CIRCUIT 

Greater  ease  in  changing  ranges. 


Write  for  descriptive  folder  giving  full  technical  details 


Triplet 


ELECTRICAL  INSTRUMENT  CO 


BLUFFTON,  OHIO 
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TRACING  CLOTH 
for 

HARD  PENCILS 


•  Imperial  Pencil  Tracing  Cloth  has  the 
same  superbly  uniform  cloth  foundation 
and  transparency  as  the  world  famous 
Imperial  Tracing  Cloth.  Butitis  distinguished 
by  its  special  dull  drawing  surface,  on 
which  hard  pencils  can  be  used,  giving 
dean,  sharp,  opaque,  non-smudging  lines. 

Erasures  are  made  easily,  without 
damage.  It  gives  sharp,  contrasting  prints 
of  the  finest  lines.  It  resists  the  effects 
of  time  and  wear,  and  does  not  become 
brittle  or  opaque. 

Imperial  Pencil  Tracing  Cloth  is  right 
for  ink  drawings  as  well. 


sound  dispersion  using  only  one 
speaker.  These  units  can  be  used  out 
of  doors.  For  use  with  12-  and  8-in. 
speakers  respectively,  the  larger  unit 
measures  27  in.  diam  x  11  in.  height, 
and  weighs  19  lb. 
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Static  Eliminator 

United  States  Radium  Corp.,  535 
Pearl  St.,  New  York  7,  N.  Y.  Static 
electricity  occurs  in  the  form  of  an 
electrical  charge  close  to  any  fast- 
moving,  non-conducting  material 
near  the  point  where  it  leaves  an 
object  with  which  it  has  been  in  close 
contact,  such  as  a  belt  leaving  a 
pulley  or  a  sheet  of  paper  leaving  a 
roll.  When  sufficient  charge  is  ac¬ 


cumulated,  a  spark  may  ignite  highly 
flammable  materials  nearby.  Static- 
charged  fibers  or  thin  sheets  often 
become  unmanageable  in  manufac¬ 
turing  processes. 

The  lonotron  Static  Eliminator 
emits  alpha  rays  which  disperse  such 
a*  charge.  Although  it  uses  a  salt  of 
radium,  safety  precautions  eliminate 
danger  to  operators  of  equipment. 
The  radioactive  source  is  beamed  for 
greatest  effectiveness. 


—these  Clarostal  wire-wound 
and  composition-element 
midget  controls.  Fully  inter¬ 
changeable,  mechanically. 
Can  be  made  up  in  various 
tandem  assemblies. 

Clarostat  Type  37  midget  com- 
position-element  controls  have 
been  available  lor  several 
years  past.  Their  stabilized 
element  has  established  new 
standards  for  accurate  resist¬ 
ance  values,  exceptional  im¬ 
munity  to  humidity  and  other 
climatic  conditions,  and  long 
trouble-free  service.  Vz  watt. 
500  ohms  to  5  megohms. 

And  now  the  Clarostat  Type 
43  midget  wire-wound  is  also 
available,  to  match  Type  37- 
matched  in  appearance, 
dimensions,  rotation,  switch. 
2  watts.  1  to  10,000  ohms. 

For  neatness,  compactness, 
convenience,  trouble-free  op¬ 
eration-just  specify  Clarostat 
inatcbed  midget  controls, 

if  Write  tor  literature  .  .  . 


36 

‘  Uhf  Beam  Tetrode 

Taylor  Tubes,  Inc.  have  adtfed  the 
TB-35  which  operates  with  full 
power  input  up  to  250  me  and  at 
half-power  input  to  400  me. 

The  tube  possesses  a  four-pin 
ceramic  base  and  the  plate  connec- 


CUUnSTAT  MFG.  CO.,  he.'*  285-7  N.6ik  St.  MityR,  N.T. 
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DC-AC 

INVERTERS 


TO  OPERATE  AN 
AC  REFRIGERATOR 
ON  DC 


Model  2113 


ENGINEERED  THIS  INVERTER 


If  youVe  a  retailer  or  distributor  of  appliances  or  radios,  why 
waste  storage  and  floor  space  on  special  DC  models? 

If  you're  an  appliance  or  radio  manufacturer,  why  waste  time 
and  money  designing  and  building  DC  units? 

^t^has  eliminated  the  necessity  for  DC  models  by  providing 
a  complete  line  of  Vibrator  Inverters  that  convert  AC  products 
to  DC  with  maximum  efficiency.  They  give  longer  service  and 
increased  capacity  at  lower  cost. 

Both  peacetime  and  wartime  applications  of  Vibrator 
Inverters  have  piled  up  an  impressive  record  of  performance  and 
dependability.  Extremely  simple  in  design,  they  have  only 
one  moving  part,  and  are  precision>built  throughout.  No 
brushes,  no  armatures,  no  bearings,  no  lubrication  or  other 
routine  maintenance! 

It  will  pay  you  to  get  complete  information  on  Vibrator 
Inverters.  And  remember  that^^engineers  are  equipped  and 
ready  to  design  special  power  supplies  for  products  with  new 
or  unusual  requirements. 


THERE  IS  AN 

€'£  VIBRATOR  INVERTER 

FOR  EACH  IMPORTANT  APPLICATION 


involving  radios,  appliances,  communications  equipment, 
electric  motors,  coin-operated  equipment,  public  address 
systems,  neon  signs,  electric  razors  and  other  products. 

(Tyfitol  sf  24  E*L  Modils  avoilabit  U  mHt  yo«r  rsquirwntnts) 


Dlfn«i»ien«  Wl.  Principal 
(in.)  (lbs.)  Applicfrtiens 


302  6  115  75  80-100  l^H  Radio  Receivers. 

Appliances 

507  12  115'  150  80-100  10^x7^x814  25  Radio  Receivers, 

Transmitters, 

Appliances 

146  32  115  350  80-100  16xl0x8H  48  Receivers, 

Transmitters, 

(^in  Phonographs 

2113  115  115  !4hp  50-100  10^4x5%x7  6%  RefriaeratofS 

-  ^  Water  Coolers 


Since  1936,  we  of  the  Pyroferric  Company 
hove  devoted  ourselves  exclusively  to  the  art 
of  manufacturing  powdered  metal  cores  .  .  . 
at  no  time  have  we  been  affiliated  with  other 
enterprises  such  as  radio  set  manufacturing, 
coil  winding,  etc. 

Today  our  policy  is  the  same  as  always;  to 
manufacture  the  best  of  our  unique  type  of 
product  and  to  serve  all  of  the  radio  business 
without  preference  or  partiality. 

PYROFERRIC  means  specification  powdered 
metal  cores. 


375;  d-c  plate  current,  110  ma;  d-c 
grid  current,  15  ma;  d-c  screen  cur¬ 
rent,  22  ma;  plate  dissipation,  35  w; 
peak  r-f  grid  input  volts,  350;  driv¬ 
ing  power,  4.5  w ;  plate  power  output 
(to  250  me),  130  w. 

Typical  operating  conditions.  Class 
C,  plate  modulated  with  a  maximum 
modulation  factor  of  1.0:  d-c  plate 
volts,  1,000;  d-c  grid  no.  1  volts,  200; 
d-c  grid  no.  2  volts,  300;  d-c  plate 
current,  85  ma;  d-c  grid  current,  10 
ma ;  peak  r-f  grid  input  voltage,  250 ; 
driving  power,  2  watts*;  plate  power 
output,  60  w. 
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tion  is  brought  out  at  the  top  of  the 
envelope.  The  overall  size  of  the 
tube  is  45  in.  and  the  maximum  rli- 
ameter  is  If  in. 

Electrical  characteristics :  fila¬ 
ment,  thoriated  tungsten,  6.3  v  (a-c 
or  d-c)  at  3  amp;  mu,  65;  mutual 
conductance  at  I»  80  ma,  2,750 
micromhos.  Interelectrode  capaci¬ 
tances  :  input  to  plate,  0.2ju,)u,f ;  input, 
6.5fi/4f;  output,  l.Sfxni. 

Typical  operation,  Class-C  teleg¬ 
raphy  :  d-c  plate  volts,  1,500 ;  d-c  grid 
no.  1  volts,  300;  d-c  grid  no.  2  volts. 


Plug-in  Crystal 

James  Knights  Co.,  Sandwich,  Ill., 
is  producing  an  octal-based  crystal 
unit  designated  JK  TOAD,  which  is 


MODEL  78 

SIGNAL  GENERATOR 


SPECIFICATIONS: 

CARRIER  FREQUENCY  RANGE:  86  to  108  megacycles — individually  calibrated  dial. 
OUTPUT  SYSTEM:  1  to  100,000  microvolts  with  negligible  carrier  leakage. 
OUTPUT  IMPEDANCE:  Constant  at  17  ohms. 

MODULATION:  400  cycle  internal  audio  oscHlator.  Deviation  directly  calibrated  in 
two  ranges:  0  to  30  kc.  and  0  to  300  kc. 

Can  be  modulated  from  external  audio  soOrce. 

Audio  fidelity  is  fiat  within  two  db  from  d.c.  to  15,000  cycles. 

Distortion  is  less  than  1%  at  75  kc.  deviation. 


PRICE:  $300.00  F.O.B.  Boonton,  New  Jersey 


PROMPT  DELIVERY 


MEASUREMENTS 


BOONTON 


CORPORATION 


POWDERED  METAL  CORES 


'Pcfn<^ 


EXCLUSIVE  SPECIALTY 
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Plax  polystyrene  rod  is  now  available  in  a 
new  form:  with  a  highly  polished  surface 
lustre.  Thus  designers  may  now  readily  work 
with  crystal-clear  rods  of  this  unique  material. 

In  this  form,  Plax  polystyrene  rod  requires 
very  little  fabricating  and  it  is  easily  polished 
after  fabrication.  A  cutdng-down  wheel, using 
a  compound  held  by  a  non-petroleum  grease, 
will  remove  any  surface  imperfections  caused 
by  machining  —  and  the  final  high  lustre  is 
restored  by  a  soft  cotton  buff,  free  of  com¬ 
pound. 


The  availability  of  crystal-clear  polystyrene 
rod  will  suggest  many  new  uses  for  this  ver¬ 
satile  material,  which  is  light,  hard,  inex¬ 
pensive,  and  easily  fabricated.  A  few  of  the 
applications  which  immediately  come  to  mind 
are  push  bars  and  racks,  display  and  decora¬ 
tive  fixtures,  edge  lighting  effects,  novelties. 


Plax  polished  polystyrene  rod  is  available 
in  standard  4'  lengths  in  all  diameters  up  to 
2".  Special  lengths  and  colors  are  available 
on  minimum  order.  Samples  are  available  for 
testing  purposes. 


POLYSTYRENE  LITERATURE  AVAILABUEi 

Bulletins  on  how  to  machine,  polish  and  cement 
polystyrene;  on  what  to  teU  mochinbts  about  polysty¬ 
rene;  and  on  how  to  use  coolants  with  polystyrene  are 
available  on  your  request. 

While  Plax  has  been  the  leader  in  development  of 
uses  for  polystyrene,  we  also  offer  several  other  plastic 
materials  in  unique  forms  and  shapes. 

in  fact,  between  the  resources  of  Plax  and  the  Shaw 
Insulator  Company,  Irvington  1 1,  N.  J.,  you  can  obtain 
help  and  counsel  in  ffie  use  of  most  plastic  materials 
and  processes.  For  the  literature  mentioned  above  . . , 
write  Plax. 


m  ttrni  ^  HARTFOffD  % 
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Jf  ('osts  You  Los.s 
To  Pay  a  | 

Tittle  More  Tor 

SILLCOCKS-mLER 
PLASTIC  PARTS 


BARKER  &  | 
WILLIAMSON  I 


THE  SILLCOCKS-MIllER  CO 


Inductor  Headquarters 


dustproof  and  waterproof.  Contact 
to  the  plated  quartz  is  through  shock¬ 
absorbing  wire  leads  soldered  to  the 
plating.  The  quartz  is  processed  to 
prevent  aging.  The  unit  is  available 
for  frequencies  in  the  range  66-200 
:c  with  a  tolerance  of  better  than  0.01 
percent  at  temperatures  between 
—50  to  -f-70  C.  It  can  be  supplied 
with  a  nominal  frequency  tolerance 
of  0.005  percent  at  25  C. 


Xenon-filled  Rectifier 

Chatham  Electronics,  475  Wash¬ 
ington  St.,  Newark  2,  N.  J.  The  new 
4B32  rectifier  operates  perfectly 
from  —75  to  +90  C  ambient  temper- 


BAND  HOPPERS 


ature.  It  is  rated :  peak  inverse  volt¬ 
age,  10,000;  average  anode  current, 
1.25  amp;  voltage  drop,  10  v;  fila¬ 
ment  voltage,  5  a-c;  filament  current 
7.5  amp. 


When  you  require  plastic 
parts  fc^ricoted  to  close  tol¬ 
erances,  you  can  always  de¬ 
pend  on  Sillcocks-Miller. 

This  organization  pioneered 
in  the  precision  iobricotioon 
of  parts  from  plastic  sheets, 
tubes  and  rods.  Out  of  this 
long  experience,  Sillcocks- 
Miller  engineers  offer  you 
the  understanding,  skiU  and 
facilities  to  produce  plastic 
parts  to  your  exact  require¬ 
ments  or  to  help  you  work 
out  suitable  designs. 

This  know-how  saves  you 
time,  trouble  and  money. 
That's  why  "it  costs  you  Jess 
to  pay  a  little  more  for 
Sillcocks-Miller  quality." 


Stack  Analysis  Meter 

Davis  Emergency  Equipment  Co., 
Inc.,  45  Halleck  St.,  Newark  4,  N.  J. 
The  chief  feature  of  the  Stack-o- 
meter  is  the  use  of  a  single  meter  to 
read  percentage  of  carbon  dioxide, 
stack  temperature  and  draft.  Ac¬ 
curacy  of  the  meter  is  based  on  the 
thermal  conductivity  principle  of 
analyzing  gases  by  means  of  an  elec- 


ANTENNA  COILS 


Write  for 

lllestrated  brochure 


J10  WmI  Pwhir  AvtMt,  N- 1 

MiillH  AMrait:  Swth  OraH** 

IN  HIGH 


IfKIAllSTf 

plastics 

ticmnical 


D«pt.  EOS  235  Fairflsld  Av*nu* 
Upp«r  Dorby,  P*nna, 
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100  Driver  Skids  a  day  eliminated 
...  at  40^  a  skid! 


EMIRSON  RADIO  A  PHONOGRAPH  CORP.  USe  Phillips 
Screws  for  one  good  reason . . .  they  cut  costs! 
Good  example  is  the  daily  saving  of  $40  for¬ 
merly  used  up  reclaiming  loud  speaker  cones 
ruined  by  driver  skids  from  slotted  screws. 


That’s  only  one  way  Phillips  Screws  save. 
They  can  be  driven  faster  —  allow  use  of  power 
in  place  of  hand  drivers.  They  drive  tighter - 
fewer  and  smaller  screws  can  often  be  used. 
Burrs  and  broken  screw  heads  are  eliminated, 
and  the  ornamental  design  improves  product 
appearance. 

NOW,  THESE  UNBIASED  REPORTS  show  how  these 
advantages  result  in  savings  that  add  up  big  in 
yearly  assembly  records  — savings  you  can’t 
afford  to  miss  with  today’s  squeeze  on  profits. 
THE  ASSEMBLY  STUDIES  COVER  ALL  TYPES  OF  PRODUCTS 

—  metal,  plastics,  wood.  The  report  on  Emerson 

—  others  now  ready  — and  more  to  come  — make 
up  a  practical  manual  of  modem  assembly 
methods,  never-before-printed  information,  in¬ 
side  facts  you’d  pay  good  money  to  get, -and 
it’s  yours,  now,  FREE! 


PHILUPS;?<^  SCREWS ; 


PHILLIPS  SCREW  MFRS., 
c/o  Horten-Noyas 
2300  Industrial  Trust  Bldg.,  Providuncu,  R.  I. 


WHATEVER  YOU  MAKE, 
THERE  ARE  SAVINGS 
IDEAS  HERE  FOR  YOU  I 


Find  out  how  industry’s  best  as¬ 
sembly  experts  cut  costs!  Get 
these  reports,  as  they  are  issued. 
Don’t  wait . . .  mail  the  coupon 
TODAY! 


Wood  Screws  •  Machine  Screws  •  Self^tapping  Screws  •  Stove  Bolts 


AMtrleas  Stm  C«. 

AtiMtU  8«mr  Wtrkt 
Atl«»  Btit  4  Straw  Ct. 

Cmtral  Straw  Ct. 

Chantlar  PraSnatt  Carp. 

Caatiaaatal  Straw  Ca. 

Carbia  Straw  Carp. 

Dct  Taal  4  Scrtra  Carp.  Mapufaeturara  Straw  Products 
Gaaaral  Straw  Mfp.  Ca.  Mllfard  Rivat  aad  MaaMaa  Ca. 
Tha  H.  M.  Harpar  Ca.  Natiaaal  Ltak  Ca. 

<*ttrnatlaaai  Straw  Ca.  Natiaaal  Straw  4  Mfp.Ca. 
Lamtaa  4  Sastleas  Ca.  Now  Caplaad  Straw  Ca. 


Parkar-Kalaa  Carp. 

Pawtuckat  Straw  Ca. 

Phaall  Maaufaaturiaa  Ca. 

Raadlap  Straw  Ca. 

Rusaall  Burdsall  4  Ward 
Balt  4  Nut  Ca. 

Seavlll  Maaufaaturiap  Ca. 
Shakapraaf  I  at. 

Tkt  Sauthlaptoa  Hardwart  Mfp.  Ca. 
Tha  Staal  Caaipaay  af  Caaada.  Ltd. 
Walvarlaa  Bolt  Ca. 


R 

■ 


Please  send  me  the  reports  on  Assembly  Savings 
with  Phillips  Screws 


Name 

Company 

Address 
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Marine  Radiophone 

Jefferson-Travis  Corp.,  245  East 
23rd  St.,  New  York  10,  N.  Y.  One  of 
the  first  models  in  a  complete  line  of 
sea-going  communication  equipment 
is  the  Coastal  Model  252  Radiotele- 


Aboui 


Talk 


PRODUCTION 


at 


Its 


P 


trical  Wheatstone  bridge  circuit 
Percentage  of  CO*  is  obtained  from 
gas  samples  collected  through  a  hand 
aspirator  bulb.  Stack  temperatures 
are  obtained  .  from  a  thermocouple 
mounted  in  the  gas  sampling  tube. 
Draft  measurement  is  accomplished 
with  a  separate  tube  but  read  on  the 
same  meter  as  the  other  elements. 
The  unit  is  completely  portable, 
measuring  12x13x5  in.  and  weiali. 
ing  11  lb. 


4#000  Parte  Per  Day 
wilbDI-ACRO  Deader 

Here  is  an  example  of  "DIE-LESS  DUPLI¬ 
CATING”  typical  of  a  great  variety  of  ..Enclosed  pictures 
formed  parts  readily  made  wth  DI-ACRO  DI-ACRO  Bender  w 
Precision  Machines, — Benders,  Brakes,  We  are  oiaking  4,00 
Shears.  Picture  below  shows  an  acute  right  competidvi 

an^e  bend  and  photograph  above  shows  the 
finished  part  formed  to  die  precision.  Women 

operating  DI-ACRO  units 
maintain  a  high  out-put  on 
production  work. 

Send  for  CATALOG 


"Enclosed  pictures  in  our  plant  prove  the 
DI-ACRO  Bender  will  do  a  real  production  job. 
We  are  making  4,000  completed  parts  per  day 
which  is  competitive  to  most  Power  Presses.’* 
(Name  on  request) 


Copper  Sulphide  Rectifier 

Benwood-Linze  Co.,  St.  Louis,  Mo, 
has  developed  a  dry-disk  metallic 
rectifier  rated  at  50  amp  without 
forced  cooling  for  charging  6-volt 


showing  DI-ACRO  Precision 
Machines  and  many  examples 
of  parts  made  with  "DIE- 
LESS  DUPLICATING.”  | 

Pronounced  “0IE>ACK*R0”  i 


OnEIL-IHWin  mFQ.co 


321  EIGHTH  AVENUE  SOUTH 


MINNEAPOLIS  15.  MINNESOTA 


automotive  batteries.  Two  rectifiers 
operated  from  separate  transformer 
secondaries  may  be  operated  in 
parallel  for  100  amp. 


Doughnut  Coils  for  oloctronic  and  tolophono  purposos. 
High  PonmoabilHy  Corot  aro  hydrogon  annoalod  and 
hoot  tfootod  by  o  tpociol  procots  dovolopod  by  DX  ongL 
BOOTS.  Sond  us  your  "tpocs”  today— omplo  production 
focMitiot  for  intmodioto  dolivory. 


DX  RADIO  PRODUCTS  CO. 


Offices  1  200  N  CLAREMONT  AVt  CHICAGO  22  III  USA 
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This  A-B  Adjustable  Resistor  can  provide 
^  any  resistance-rotation  curve" 


The  Type  JW  Bradleyometer  is  a 
watertight  unit  with  a  resilient  pack¬ 
ing  around  the  shaft  to  exclude 
moisture.  Ideal  for  radi^  or  radar 
equipment  which  may  become  im¬ 
mersed  in  water. 


The  resistor  of  the  Type  J  Bradleyometer  is  a  solid 
molded  ring.  During  manufacture,  the  resistor  material  is 
varied  throughout  the  circumference  of  the  molded  ring  to 
provide  the  desired  resistance-rotation  characteristic. ' 

It  is  not  a  film  or  paint  type  resistor.  Therefore,  after 
molding,  the  resistance  curve  of  the  Bradleyometer  is 
unaffected  by  heat,  cold,  moisture,  or  length  of  service. 

The  resistor  unit  is  molded  as  a  one-piece  ring  with 
terminals,  face  plate,  and  threaded  bushing  imbedded 
in  the  ring.  The  contact  brush  improves  with  age. 

Type  J  Bradleyometers  can  be  supplied  in  single,  dual, 
triple  unit  construction  for  rheostat  or  potentiometer, 
applications.  A  built-in  line  switch  is  optional.  Complete 
specifications  will  be  sent  on  application. 

Allen-Bradley  Company,  110  W.  Greenfield  Ave., 
Milwaukee  4,  Wis.  ^ 


ALLEN-BRADLEY  FIXED  RESISTORS 


ALLEM-BRADLEY 

FIXED  &  ADraSTABLE  RADTO  RESISTORS 


Bradteyunit  Rxed  Resistors  ore  available  in 
/2-walt,  1-watt,  and  2-watt  ratings  in  all  RMA 
*tondard  values  from  10  ohms  to  22.0  megohms. 
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CAPACITOR 

QUESTIONS 


Answered!} 


ittSl 


ELECTROLYTIC 


CAPACITOR 

by  Al«xa»d*r  M.  G«orgi*v 

Probably  no  Radio-Elactronic  component  is  more 
important  than  the  Electrolytic  Capacitor,  and  this 
new  book  by  Aiexander  M.  Georgiev  who  has 
devoted  more  than  IS  years  to  Capacitor  research 
and  development  answers  all  the  many  questions 
engineers,  designers,  servicemen  and  others  have 
been  asking  about  this  subject.  Abundant  data 
are  presented  as  to  Electrolytic  Capacitor  construe* 
tionai  f  e  a  t  u  r  e  s  — where, 
when  and  how  to  use  them  ^ArHAT  TYPE? 
to  best  advantage  in  prefer- 
ence  to  non-electrolytic  types  WHY? 

—  In  short,  everything  you 

need  to  know  in  order  to  ^A^HERE? 

utilize,  buy,  specify,  replace 

or  service  Capacitors  intelligently  and  efficiently. 
A  comprehensive  bibliography  and  list  of  patents 
will  prove  of  far-reaching  value.  Contains  over 
200  pages  and  eighty  illustrations  including  graphs, 
photoniicrographs,  oscillograms,  etc.  Just  out  In 
limited  edition — the  first  modern  book  to  be  writ¬ 
ten  on  this  vital  component!  Order  todqy  while  the 
supply  lasts. 

mOO  $3.25  forbign 

I  ‘  1 

I  .cteri»«c»;  and  ambi*"'  ■ 

■  frequ*"^'**' ^aH  versu*  ^u'yior  of  ■ 

I  condWfons;  boh^'^^  ■ 

I  * 


MURRAY  HILL  BOOKS.  Inc. 

Dept  E-36,  232  Madison  Ave..  New  Yort  16,  N.  Y. 

t 

Enclosed  And  6 . .  for . .  copies  of 

Alexander  If.  GeorgleT*s  ‘THE  ELECTBOLTTIC 
CAPACITOR’*  (Price  IS  each,  $3.25  foreign)  or 
n  eend  C.O.D.  (In  U.S.A.  only)  for  this  amount 
postage. 


phone.  It  has  a  power  output  of  26  w 
on  five  channels,  each  crystal  con¬ 
trolled.  The  use  of  mechanically  in¬ 
terchangeable  power  supplies  allows 
its  use  on  12,  32  or  110  v  d-c  or  115  v 
a-c  power. 

Other  equipment  now  in  produc¬ 
tion  include  four-channel,  10-watt, 
10-channel,  75-watt  marine  communi¬ 
cators,  direction  finder,  and  marine 
antennas.  Two-watt  and  16-watt  ra¬ 
diophone  transmitters  are  becoming 
available  for  private  flyers. 


Pickup  Cartridge 

Shure  Brothers,  225  W.  Huron  St., 
Chicago  10,  Ill.  The  crystal  element 
of  this  new  pickup  cartridge  is  driven 
by  a  lever  which  improves  the  trans¬ 
mission  of  needle-chuck  torque  into 
the  crystal.  Lower  needle-point  im¬ 
pedance  is  obtained  through  this  de- 


■  Address 


•  City  &  Uiat.  No . State. 


sign,  as  well  as  greater  immunity  to 
shock.  The  lever  arrangement  ab¬ 
sorbs  the  full  impact  of  sudden  jars. 
Minimum  needle  force  of  i  to  IJ  oz. 
results  in  an  output  voltage  of  from 
1.6  to  over  3.  The  cartridge  is  avail¬ 
able  in  either  aluminum  or  steel  case, 
weighing  0.43  or  0.86  oz,  respectively. 


Tube  Tester 

Hickok  Electrical  Instrument  Co., 
10527  Dupont  Ave.,  Cleveland  8, 
Ohio.  New  all-purpose,  radio  tube 
and  set  testers  designed  with  a  dy¬ 
namic  mutual  conductance  circuit  are 
now  in  production.  Duplicating  the 
method  used  by  tube  manufacturers, 
the  Model  532C  (counter  model)  and 
532P  (portable)  accurately  test  and 
reject  all  bad  tubes.  The  tester  is 
fitted  with  easy-to-read  scales  having 
micromho  ranges  from  0-3,000,  0- 
6,000,  0-15,000  with  legends  indicat¬ 
ing  Replace,  Doubtful  and  Good.  This 
unit  also  provides  for  noise,  gas,  and 


ALLOY  '*A”;  NicUI-chromlum  olloy,  r*. 
sisfs  oxidation  at  oxtromo  tompnroturts. 
Essontiol  for  oporoting  tomporoturtt  up 
to  2100*  F.  Also  usod  for  cold  rosistanc*. 
Rosists  chomlcol  corrosion  by  many  media. 
Non-mognefic;  specific  resistance,  650 
ohms/C.M.F. 

C  O.  JELLIFF  MFG.  CORF. 

123  mUOT  AVI.  •  SOUTHPORT.  CONN. 


ALLOY  ”C*’;  Nominally  contains  60% 
nickeL  15%  chromium,  and  balance  iron. 
High  residence  to  oxidation  and  corro¬ 
sion.  Widely  used  In  resistances  for  radio 
and  electronics,  industrial,  and  domes, 
tie  equipment.  Operating  temperature 
up  to  1700*  F.  Specific  resistance  675 
onms/C.M.F. 

C  O.  JELLIFF  MFG.  CORF. 

123  PIQUOT  AVI.  •  SOUTHPORT.  CONN. 


ALLOY  "180":  Nickel-copper  alloy  with 
resistivity  of  180  ohms/C.  M.  F.  Widely 
used  for  resistor  elements  up  to  750°  F. 
(400°  C.).  For  radio  controls,  magnets, 
rheostats  and  voltage  control  relays. 

C  O.  JELLIFF  MFG.  CORF. 

123  PIQUOT  AVI.  •  SOUTHPORT.  CONN. 


ALLOY  ''45'*;  Alloy  of  5S%  copper,  45% 
nickel  with  a  constant  elecWical  resistance 
over  wide  range  of  temperatures.  Specific 
resistance  294  ohms/C.M.F.;  temperature 
coefRcient  0.00002  ohms  per  degree  F; 
32  to  212  degreee  range.  Used  In  wind* 
ing  of  precision  resistors. 

C  O,  JELLIFF  MFG.  CORF. 

123  PIQUOT  AVI.  •  SOUTHPORT.  CONN. 


KANTHAL:  Exclusive  manufacturers  of 
KANTHAL,  an  outstanding  achievement 
in  resistance  -  wire  development.  Now 
available— <omplete  data  upon  request. 

C  O.  JELLIPP  MPG.  CORF. 

la  riQuoT  AVI.  •  imiTHPon,  conn. 

Nefet  All  alhya  ere  prorfucerf  In  hlgfc-lreqwnty 
type  himant,  and  ore  turni$hnd  dv//  or 

oMidItnd  finish,  also  with  enamel,  silk,  or  toHon 
insulation. 
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We  invite  you  to  coll  on  them  and  their  long  experience 
for  assistance  in  solving  any  problems  having  to  do  with 
the  transformer  field.  Because  of  the  long  experience  of 
these  men  .  .  .  the  invaluable  knowledge  they  have  accu¬ 
mulated  . . .  their  demonstrated  integrity  and  sincerity,  our 
sales  and  production  policies  will  be  coordinated  with  the 
advice  and  suggestions  they  bring  from  their  field  contacts. 


JACK  BEEBE 

General  Sales  Manager 


JOCK  vora 

5  Ivy  Street  Bldg. 
Atlanta  3,  Georgia 


Southern  Sellers 


918  Union  Street 


S.  K.  MacDonald 

1531  Spruce  Street 
Philadelphia  2,  Pa.  ^ 


Nevr  Orleans,  La, 


Fred  B.  Hill 

256  First  Avenue,  N. 
Minneapolis,  Minn. 


''  Bert 
Huvelman 

Instrument  Sales 
325  W.  Huron  St. 
Chicago,  III. 


G.  G.  Willison 

West  Building  . .  Houston,  Texas 


Norman  W.  Kathrinus 

1218  Olive  Street 
St.  Louis  3,  Mo. 


J.  J.  Perlmuth 

942  Maple  Avenue 
Los  Angeles  15,  Calif. 
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IN-RES-CO  rvtUtert  ar«  lew  cost,  quality  units  of  cempoct 
dotiqn.  Modem  production  faciiitios  assure  immediate 
delivery  in  quantity.  Rigid  quality  control  guarantees  uni¬ 
form  high  quality  and  line  performance.  All  IN-RES-CO 
units  are  easily  mounted— many  can  be  stacked  and 
mounting  space  requirements  are  minimum.  Included  are 
hermetically  sealed  ond-fungus-preof  designs  for  airborne 
and  shipboard  ihstallations.  The  lew  unit  cost  of  IN-RES-CO 
components  con  importantly  InRuence  final  costs  in  your 
product.  Investigote  today. 


TYPES  M  AND  P2  or*  lieht  compact  rotUtort 
of  high  occvrocy.  P4i  1*  long  x  9/16*  dio., 
max.  ros.  1  AAagohm,  1  watt.  P2;  9/16*  lone 
X  9/16*  dig.,  max.  rot.  1 /2  Moe  1/2  watt. 


INSTRUMENT 
RESISTORS  CO 

75  AMITY  ST.,  LITTLE  FAlL^,  N.  J 


PLASTIC  RADIO  DIALS  combine  the  beauty 
of  radiant  color  with  the  utility  of  perfect 
light  transmission. 

The  possibilities  of  design,  size,  shape  and 
color  combination  are  limitless. 

Whether  your  problem  is  dials,  or  any  of 
hundreds  of  allied  applications,  let  Hopp 
artists  and  engineers  sit  in"  on  your  design¬ 
ing  problem. 

Send  us  your  blueprints  or  somples  for  (quotation. 


THE  HOPP  PRESS,  INC. 

460  WEST  34fh  STREET,  NEW  YORK  1,  N.  Y. 

ESTABLISHED  1893 


hot  and  cold  shorts  tests.  Diodes  :ue 
tested  separately  with  low  voltage  to 
prevent  paralysis  of  the  elements. 
Line  voltage  is  indicated  correctly  on 
a  large  test  meter,  from  100  to  130  v. 
i  Rectified  current  is  used  to  energize 
plates  and  grids  using  two  rectifiers 
and  tests  can  be  made  of  grid-con¬ 
trolled  rectifier  tubes.  Filament  volt¬ 
age  is  in  steps  to  117  v  which  affords 
a  wide  range  of  voltage  checks.  A 
roll  chart  in  the  panel  helps  locate 


tube  data.  The  tester  is  17xl8x8i 
in.  and  operates  on  a  power  supply 
of  110-130  volts  from  50-60  cps.  Tube 
complement  consists  of  one  83  and 
one  5Y3  GT.  Tests  of  all  present-day 
tubes,  including  octal,  loktal,  minia¬ 
ture,  ballast  and  magic  eye  tubes,  can 
be  made  and,  in  addition,  provision 
for  future  tube  designs  has  been 
taken  care  of. 


145-Mc  Tuner 

Caltron  Co.,  Los  Angeles  34,  Calif., 
announces  a  complete  variable  tun¬ 
ing  unit  in  a  compact  assembly  for 
single-hole  mounting  on  receivers, 
wave  meters,  frequency  meters,  low 


power  transformers,  and  oscillators. 

The  unit  has  a  tuning  range  of 
140  me  to  160  me  with  3.5  /xju.f  tube 
capacitance,  (later  models  will  be  de¬ 
signed  to  cover  any  band  of  fre- 


In  1942,  Eddie  Rickenbacker  and  his  companions  crash-landed 
in  the  Pacific.  For  22  days,  airplanes  combed  the  sky  before 
sighting  them. 

Three  years  later,  airmen  forced  down  at  sea  were  being  found 
in  a  matter  of  hours _ on  blackest  nights  ...  in  roughest  weather. 

. . .  for  radar  was  being  used  to  locate  friend  as  well  as  foe! 

A  metal  reflector,  developed  by  the  National  Defense  Research 
Committee,  turned  the  trick. 

Known  as  the  "Corner  Reflector,”  it  enabled  life  rafts  to  be 
easily  detected  by  radar-equipped  rescue  craft. 

To  make  the  reflector,  4  ounces  of  wire  mesh  are  formed  into 
1 1  triangular  webs  and  stretched  out  on  a  collapsible  framework. 
It  is  this  mesh  which  reflects  the  radar  waves  and  sends  them  back 
to  appear  as  spots  on  the  radar  scopes  of  searching  airplanes  or 
ships. 

Working  with  the  Army  and  Navy,  Vendo  Company  of  Kansas 
City  tested  many  metals  for  the  mesh. 

The  metal  had  to  offer  just  the  right  electrical  and  electronic 
characteristics.  The  metal  had  to  be  strong,  so  that  the  delicate 
mesh  would  not  be  ripped  apart?  by  winds.  And  ( of  greatest  im¬ 
portance),  it  had  to  resist  corrosion  by  salt  spray.  For  the  slightest 
corrosion  would  set  up  high  resistance  at  the  thousands  of  mesh 
contacts,  and  seriously  cut  down  over-all  conductivity. 

Of  all  the  materials  tested,  only  one  was  found  to  possess  all 
the  properties  needed. 

That  was  knit  Monel  mesh. 


Th*  r«fl«ctor  in  ute...ancl  as  it  is  packad 

Eleven  different  "spider  webs"  of  Monel  mesh 
in  the  Vendo  reflector  catch  radar  beams  ap¬ 
proaching  from  any  quarter.  The  mesh,  knit 
from  0.003 5 -inch  Monel  wire,  is  furnished 
by  Metal  Textile  Corp.,  Orange,  N.  J. 

One  of  the  problems  was  to  make  the  re- 
fleaor  compaa  enough  to  fit  in  the  smallest 
life  raft  pack.  By  using  easily-folded  Monel 
mesh,  the  unit  can  be  stowed  in  a  waxed 
cardboard  carton,  only  25*  long  and  1V4* 
square. 

Peacetime  possibilities  include  use  as  an 
aerial  for  home  radios.  One  report  cites  tre¬ 
mendously  improved  reception. 


Ramambar  Monal  and  ethar  INCO  Nickal  Alleys  whenever  you 
need  a  "hard-to-find”  combination  of  properties  for  electrical 
or  electronic  applications.  For  more  information  on  metals 
that  fight . . .  corrosion  . . .  wear  . . .  fatigue  . . .  heat . . .  stress 
. . .  write  for  "Tremendous  Trifles.” 


THE  INTERNATIONAL  NICKEL  COMPANY,  INC. 

67  Wall  Strnat  Naw  York  5,  N.  Y. 


NICKEL  ALLOYS 


INCOHa*  •  MCXEL  •  ‘T"  MClia*  •  "r’MCKa* 
*Rex.  U.  8.  Pat.  Off. 
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SELENIUM  RECTIFIERS 


quencies  between  50  and  1,000  me), 
rotation  180  deg,  diameter  of  body 
2  in.,  shaft  diameter  i  in.,  mounting 
hole  I  in.  The  Q  is  many  times 
greater  than  a  conventional  coil-ca¬ 
pacitor  combination.  Close  spacing 
of  terminal  lugs  (approximately  i  in. 
between  outside  and  ends  of  circuit) , 
allows  extremely  short  leads  to  tube 
connections. 


Terminal  Block 

Curtis  Development  and  Mfg.  Co., 
One  North  Pulaski  Road,  Chicago  24, 
Ill.  Any  number  of  type  M  terminal 
blocks  from  one  to  24  can  be  assem¬ 
bled  and  held  rigid  in  the  metal  chan¬ 


nel  which  is  a  feature  of  the  new  as¬ 
sembly.  Terminal  screw  grounding 
is  eliminated  by  tapping  the  holes 
only  part  of  the  way  through  the  in¬ 
sulating  material.  The  terminals  can 
carry  10  amp  up  to  300  v.  Marker 
strips  are  optional. 


Paper  Tape  Recorder 

Brush  Development  Co.,  3405  Per¬ 
kins  Ave.,  Cleveland  14,  Ohio.  In  de¬ 
velopment  since  1929,  and  still  being 
improved,  an  8-mm  strip  of  paper 
coated  with  a  magnetic  material  on 
one  side  is  being  used  as  the  medium 
for  magnetic  recording  in  a  new 
equipment  designed  for  inclusion  in 
radio  receivers  or  as  a  separate  unit. 
The  tape  comes  in  1,000-foot  reels  of 
the  type  used  for  movie  film  and  will 
cost  about  $1.25.  It'plays  for  a  half 


Use 

PALNUTS 

to  lock 
Adjusting  Screws 
on  Relays  and 
Circuit  Brealcers 


Hold  Aeeurafe  Settings 
under  Severest  Vibration 

An  adjusting  screw  that  won’t  "stay  put”, 
is  soon  valueless.  To  maintain  accurate 
settings  of  adjusting  screws,  lock  them 
with  Palnuts  instead  of  regular  hex  nuts 
or  jam  nuts.  This  provides  a  powerful 
double-locking  action  that  is  unmoved  by 
severe,  prolonged  vibration. 

Single  thread,  tempered  spring  steel  Pal¬ 
nuts  require  only  3  bolt  threads  space.  They 
spin  on  fast  with  fingers,  lock  tight  with 
1/4  to  1/3  turn  of  a  wrench.  Cost  no  more, 
and  frequently  less,  than  regular  nuts.  May 
be  re-used.  Full  line  of  sizes  in  National 
Coarse  and  National  Fine  Threads. 

WRITE  for  literature  giving  engineering 
data  on  Self-locking  Palnuts.  Outline  re¬ 
quirements  for  samples. 

THE  PALNUT  COMPANY 

77  Corditr  St. 

Irvington  11, 

Now  Jersoy 
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The  unusual  properties  inherent 
in  Plaskon  Materials  make  them 
especially  suitable  for  the  molding 
of  parts,  complete  units,  or  assembly 
of,  attractive  and  serviceable  electri¬ 
cal  products  in  wide  variety.  Plaskon 
Materials  for  molding  are  high  in  utility  and 
decorative  properties,  giving  products  made 
from  them  impressive  sales  advantages. 

Plaskon  Urea~Formaldehyde  Compound 

1,  Wide  range  of  lightfast  hues,  from  translucent  natural 
and  pure  white  to  jet  black.  2.  Smooth  surface,  eye-catching, 
warm  to  touch.  3.  Completely  resistant  to  common  organic 

solvents,  imper¬ 
vious  to  oils  and 

grease.  4.  Possesses  extremely  high  flexu¬ 
ral,  impact  and  tensile  strength.  5.  Highly 
resistant  to  arcing  and  tracking  under 
high  voltages  and  high  frequencies. 

Plaskon  Melamine 
Compound 

1.  Assures  ample  protec¬ 
tion  where  water  or  high 
humidity  prevent  use  of 
urea  compounds.  2.  Ex¬ 
ceptional  resistance  to 
acids,  alkalies.  Non- 
porous,  non-corrodible. 

3.  Under  extreme  conditions  of  heat 
and  humidity,  is  non-tracking,  high¬ 
ly  resistant  to  arcing,  and  has  high 
dielectric  strength.  4.  Highest  heat 
resistance  of  all  light-colored  plastics. 

Plaskon  Resin  Glue 

1.  Materials  bonded  by  Plaskon  Resin  Glue  cannot  be  separated  at  glue  line— the  mate¬ 
rial  fails  first.  2.  Plaskon  glue  line  is  com¬ 
pletely  moisture-resistant,  cannot  be  weak¬ 
ened  by  mold  or  fiingi.  3.  Maintains  its 
tenacious  grip  in  heavy-duty  service  for 
years,  under  water,  on  land,  in  the  air. 

Experienced  Plaskon  technical  men  will  be  glad  to  help  with 
^  your  designing  and  manufacturing  problems. 

PLASKON  DIVISION  •  LIBBEY- OWENS -FORD  GLASS  COMPANY 
2136  Sylvan  Avenue  *  Toledo  6,  Ohio 

CamM/iam  Agemt:  Canadian  Industrits,  Ltd.  •  M.ontr$al,  Qntbte 
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hour  and  can  be  rewound  in  about  2(» 
seconds.  When  used  in  the  present 
recorder  it  has  a  frequency  range 
reasonably  flat  from  100  to  6,000  cps, 
is  good  for  at  least  1,000  playings. 
The  recorder  complete  with  micro¬ 
phone,  magic  eye  level  indicator  and 
tubes  will  sell  for  about  $150,  avail¬ 
able  not  earlier  than  the  end  of  April. 
Phonograph  or  radio  can  also  be  re¬ 
corded.  The  tape  can  be  torn  and 
spliced  with  any  good  adhesive.  Mag¬ 
netic  erasing  allows  re-use  of  the 
tape  many  times  during  its  lifetime. 


MIDGET 

TYPE 

600 


STANDARD 


Decade  Voltage  Supply 

Clippard  Instrument  Laboratory 
has  a  new  custom-built  instrument 
Type  DS-111  furnishing  a-c  poten¬ 
tials  of  laboratory  accuracy  in 
1/lOth-volt  steps  from  0  to  111  for 
laboratory  or  production  line  use  in 
testing  and  calibration  of  a-c  meters, 
vacuum  tube  voltmeters  or  other  cir¬ 
cuits  where  a  known  source  of  a-c 
voltage  is  required. 

The  instrument  incorporates  an 
isolation  transformer  with  a  primary 
tapped  to  adjust  within  one- tenth 
volt  of  line  voltages  from  100  to  132. 


•  TECH  LABS  con  fumith  a  vnH  for  every 
purpose. 


•  Write  for  bulleHn  No.  431. 


The  secondary  is  tapped  to  provide 
the  desired  output  voltages.  A  Wes¬ 
ton  meter,  model  476,  is  placed  in  the 
secondary  circuit  and  is  calibrated 
with  a  single  red  line  to  indicate 
proper  primary  voltage  adjustment. 
When  the  primary  is  adjusted  to  100 
volts  the  instrument  may  also  be  used 
as  a  variable-ratio  transformer  pro¬ 
vided  input  voltages  do  not  exceed 
calibration  settings.  One-thousand- 
to-one,  to  one-to-one  values,  in  steps 
of  1/1,000  are  furnished  in  ranges  up 
to  10,000  cps. 

Output  is  conservatively  rated  at 


w  soiKi  iiivcr  coniocn  ana  tiainiMS  tiivMr 
alley  wiper  arms. 


•  Refer  hub  pinned  te  thcrfl  prevents  un- 
autherixed  tampering  and  keeps  wiper 
arms  in  perfect  adiustment. 


•  Can'  be  furnished  in  any  practical 
impedance  and  db.  less  per  step  open 
request. 


ComfiMsshn  JiMeJ 

PLASTIC 


^  Here  at  Rogan,  you  are  invited  to  avail 
yourselves  of  our  complete  knowledgeand  long 
experience  in  all  phases  of  plastic  molding. 
Our  staff  of  trained  experts  will  be  glad  to 
assist  you  with  your  plastic  problems^  no 
matter  how  involved  or  comprehensive. 


In  addition  to  compression  molding,  we  also 
offer  an  exclusive  "deep  relief  branding 
process  that  goes  a  long  way  toward  reduc¬ 
ing  the  cost  of  plastics  that  must  bear  mark¬ 
ings,  lettering  or  other  deKiipHve  matter. 

Write  for  facts  on  this  lower  cost,  combina< 
tion  service  today. 


R06AH  BROS* 


Cempressien  Melders  end  Brunders  ef  Plastics 

2003  $.  MICHIGAN  AVENUE  •  CHICAGO  U,  ILLINOIS 
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THE  S.  $.  WHITE  DENTAL  MFC.  CO. 


INDUSTRIAL 


DIVISION 


DIPT.  I,  10  lAST  40«b  ST.,  NSW  YORK  l«.  N.  r._ 

PlIXIMI  SNAfTS  •  flEXIBlE  SNAFT  TOOIS  •  AIXCKAP?  ACCESSORIES 
SMAU  CUTTINO  AND  OXINDINO  TOOiS  •  SFECIAl  EORMUIA  RUMERS 
MOIOEO  RESIfTOtS  •  flASTK  SRKIAlTNeS  •  CONTRACT  RtASTICS  MOiOINO 
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S.S.Whi+e  Flexible  Shafts  have  a  definite 
function  in  simplifying  electronic  "packag¬ 
ing"  —  in  other  words,  electronic  equip¬ 
ment  design.  They  provide  remote  control 
between  any  two  points  regardless  of  ob¬ 
structions,  congested  conditions,  or  dis¬ 
tance.  Therefore,  control  knobs  and  dials 
may  be  grouped  onyw/iere  in  relation  to  the 
controlled  circuit  elements.  When  properly 
applied,  S.S.White  remote  control  flexi¬ 
ble  shafts  operate  as  smoothly  and  as 
sensitively  as  a  direct  connection. 


S.S.White  Flexible  Shafts  give  the  de¬ 
signer  unrestricted  freedom  in  placing  cir¬ 
cuit  elements.  He  can  get  optimum 
circuit  efficiency,  economize  on  space, 
and  plan  on  the  easiest  and  most  economi¬ 
cal  methods  of  wiring,  servicing,  and 


FREE  HANDBOOK  TO  ENGINEERS 


assembling.  Flexible  shafts  eliminate  in-line 
controls.  Their  adaptability  leads  to  many 
improvements  in  cabinet  design  and  sim¬ 
plifications  in  circuit  plans. 


In  working  out  your  own  specific  applica¬ 
tion,  take  advantage  of  the  experienced 
cooperation  of  S.S.White  engineers. 
Their  specialized  knowledge  will  assist  you 
in  making  an  effective  application  in  less 
time. 


The  256-page  Flexible  Shaft 
Handbook  gives  all  details 
and  data  essential  to  working 
out  actual  applications.  A  free 
copy  will  be  sent  on  request 
if  you  write  for  it  on  your 
business  letterhead  and  state 


This  is  a  basic  improvement  in  the 
design  and  construction  of  our  in¬ 
struments  which  has  been  achieved 
as  a  direct  result  of  continuous 
research  to  meet  the  demands  of 
many  special  wartime  applica¬ 
tions. 

Model  E  Instruments  of  whatever 
type  will  have  the  following 
specific  advantages: 

•  Svpfior  Prec/s/on  perform¬ 
ance  due  to  sturdier  con¬ 
struction  throughout. 

•  Inttant-Rmading  Dials  con¬ 
forming  to  modern  instru¬ 
ment  practice. 

•  Enclosed-unit  construction  of 
mechanisms  with  accessible, 
clearly  marked  electrical 
connections. 

•  Simple  screw  mountings  for 
flush  type  instruments. 

•  Styling  and  markings  to 
match  instrument  panel 
standards. 

If  you  use  "TIME  as  a  factor  of 
CONTROL"  in  any  type  of 
equipment  or  process,  it  will  pay 
you  to  CONSULT  CRAMER. 
Soundly  engineered,  dependable 
Cramer  Instruments  cost  no  more 
in  the  first  place  .  .  .  and  a  great 
deal  less  in  the  long  run. 


THE  R.  W.  CRAMER  CO.,  Ine. 
Box  No.  3,  Centerbrook,  Conn. 


SKCIALIST5  IN  TTMf 

AS  A  FACTOR  OF 

CONTROL 


30  volt-amperes  as  follows:  0.1  to  1 
volt,  5  amp  permissible  current;  0.01 
to  11  volts,  2  amp;  0.1  to  31  volts,  1 
amp;  0.1  to  111  volts,  0.3  amp.  Ac¬ 
curacy  of  1  percent  is  {guaranteed  for 
voltage  output  and  0.25  percent  for 
the  ratios. 

The  instrument  is  also  supplied  for 
25  cps  operation  and  in  l-to-1,110  v 
output  models. 
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A-c — D-c  Receiver 

National  Co.,  Inc.,  61  Sherman  St., 
Malden,  Mass.  The  NC-46  is  primar¬ 
ily  an  amateur  or  communications 
receiver  replacing  the  NC-45.  Be¬ 
sides  continuous  coverage  from  540 
kc  to  30  me,  band  spread  tuning  is 
provided  for  four  amateur  bands. 
The  receiver  operates  on  120  v  a-c  or 


d-c,  employs  10  tubes  and  has  4  watts 
audio  output.  An  input  of  5  micro¬ 
volts  gives  50  milliwatts  output. 
Bandwidth  is  4.5  kc  at  6  db  down 
with  about  70  db  at  10  kc  off  reso¬ 
nance.  It  is  equipped  with  avc.  The 
receiver  is  9Ax  171x121  in.  and 
weighs  8  lb.  The  matching  speaker 
is  SI  X  lOA  X  7i  in.  and  weighs  8  lb. 


49 

Dual  F-m  Antenna 

Workshop  Associates,  66  Needham 
St,  Newton  Highlands  61,  Mass. 
Good  reception  in  the  new  f-m  band 
will  depend  to  a  great  extent  on  an 
adequate  antenna.  In  some  cases, 
omnidirectional  reception  will  be  de¬ 
sired,  in  others,  a  directive  array 
with  appreciable  gain  will  be  neces¬ 
sary.  Kit  No.  1  provides  the  basic 
materials  for  a  non-directional  an¬ 
tenna  which  can  be  mounted  solidly, 
without  guy  wires,  on  the  edge  of 


In  its  multiplicity  of  wiring  prob¬ 
lems  the  many  new  and  precious 
features  of  Surco  Spiralon  Keyed 
Insulation,  with  the  widest  range  of 
identification  in  all  sizes  and  lengths, 
is  proving  invaluable  to  Farnsworth 
Television  &  Radio  Corp.  of  Fort 
Wayne,  Ind.  The  ease  with  which 
this  new  insulated  wire  can  be  used 
in  small  compact  areas  or  in  large 
or  intricate  installations  found  in¬ 
stantaneous  favor  with  this  famous 
concern  which  is  taking  full  advan¬ 
tage  of  Spiralon^s  diverse  uses. 

•  Spiralon  is  non-inflammable,  non¬ 
fogging,  non-corrosive,  yet  flexible 
and  tough;  and  highly  resistant  ta 
oils,  dilute  acids  and  alkalies  to 
prove  ideal  for  wiring  under  any 
and  all  conditions.  Identiflcoiion 
stripes  are  easily  seen  even  on 
diameters  as  small  as  .025.  The 
absence  of  all  pigment  fully  pre¬ 
serves  every  electrical  property, 
increases  insulating  resistance  and 
allows  for  greater  voltage. 

With  a  Nylon  jacket  added  — 
resistant  to  high  heat  and  low  tem¬ 
peratures— Spiralon  further  protects 
all  electrical  properties,  reduces 
creepage  while  soldering  terminals, 
offers  a  higher  rupture  point  than 
braids  and  lacquers,  checks  dete¬ 
rioration,  fungi  attack,  voids  and 
pin  holes. 

•  SHIELDED  WIRE 

•  HIGH  FREQUENCY  WIRE 

and  CABLE 

•  VINYL  RESIN  SHEETING 

•  INSULATING  TUBING 

•  INSULATING  TAPE 


Address  Dept.  C 
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LIKE  A  MOUNTAIN.. 


Pat'd  &  Pat.  Pend. 


AND  A  MOLEHILL 


Pat’d  &  Pat.  Pend. 


Ret.  U.  8.  Pat.  Off. 


That's  just  about  how  our  regular  "Unbrako"  Saif* 
Locking  Socket  Set  Screws  would  appear,  when 
placed  beside  one  of  our  ^0  size.  But  in  spite  of 
this  almost  unbelievable  smallness,  they  are  not 
only  Se/f'LocAers,  but  are  just  as  outstanding 
for  accuracy,  hardness  and  strength  as  their  "big 
brothers." 

"Unbrako"  Socket  Set  Screws  with  the  Knurled 


Cup  Point  (as  shown),  are  Self-Lockwrs  because  the 
knurled  points  dig-in  and  hold  firm  against  even 
the  most  stubborn  vibration!  Invaluable  to  the 
radio,  electronics  and  smaller  electrical  manu¬ 
facturing  industries,  because  of  their  tiny  size, 
these  screws  are  available  in  sizes  from  ^0  to  I" 
in  diameter — all  commercial  lengths.  Write  today 
for  our  free  "Unbrako"  Catalog. 


Keerlieg  of  Socket 
Screws  erigieoted 
w  i  t  k  *'Ui£rake" 
years  ago. 


STANDARD  PRESSED  STEEL  CD. 

JENKINTOWN.  PENNA.  BOX  596 

BOSTON  CHICAGO  DETROIT  INDIANAPOLIS  SAN  FRANCISCO  ST.  LOUIS 


OVER  40  YEARS  IN  RUSIMESS 
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EVERY  FACTOR 
essential  to 
metal  joining 
in  ElECTRICAl 
work  ~  -  is 

provided  by 


SlL-TOSoHd 

tASY-no 


ELECTRONIC  EOUIFMENT  thostit 
fabricaled  with  EASY-FLO. 


CONDUCTIVITY 

STRENGTH 

DUCTILITY 

CORROSION  RESISTANCE 

In  all  these  properties  SiL-FOS  and 
EASY-FLO  brazed  joints  equal  the 
solid  metals  used  in  electrical  work. 

LOW  TEMPERATURE— 

I300°F  for  SIL-FOS  and  II75°F 
for  EASY-FLO  minimize  the  pos¬ 
sibility  of  heat  damage  —  particu¬ 
larly  when  joining  light  gauge 
metals. 

FAST  PRODUCTION 
ECONOMY 

The  low  temperature,  extreme  flu¬ 
idity  and  silver  content  of  SIL-FOS 
and  EASY-FLO  combine  to  save 
labor,  alloy,  gases  and  finishing. 


•ULLETIN  12-A  gives  full  d«. 
tails.  Write  for  a  copy  today. 


HANDV  \  HARIVIAV 

82  ruiTON  ST.,  NfW  YORK  7,  N.  Y. 

'  MAhcra  *  Cer»i»  •  Ck  ie9e  M.  •  le*  A-.g».e.  • 

Vl;'  ,V'  R  I  Cef»od« 

N/.  Agenti  in  Principal  Cities 


any  roof.  Sixty  feet  of  low-loss  trans¬ 
mission  line  are  furnished  to  make 
connection  to  the  receiver.  Kit  No.  2 
comprises  the  necessary  parts  to  con¬ 
vert  the  basic  antenna  into  a  high- 
gain  array  with  parasitic  director 
and  reflector.  The  structures  are  de¬ 
signed  to  withstand  100  mph  wind 
velocity  when  loaded  with  an  inch  of 


Deflection  Pickup 

Stevens-Arnold  Co.,  22  Elkins  St., 
South  Boston,  Mass,  is  producing  an 
hermetically  sealed  electrical  unit 
which  translates  minute  deflections 
or  pressure  variations,  applied  to  its 
plunger,  into  linear  changes  in  its 
d-c  output  voltage. 

Accurate  readings  are  obtained  in 
the  range  of  0.0005  to  0.1  in.  move¬ 
ment  of  the  plunger  and  reliable  re¬ 
sponse  up  to  100  cycles  per  second 
can  be  expected.  Output  is  76  milli¬ 
volts  and  internal  resistance  less 
than  1  ohm. 

The  combination  of  a  pickup  and 
an  inexpensive  indicating  voltmeter 
gives  the  following  results  and  re¬ 
mote  indications  are  obtained  at  any 
distance:  electric  micrometer  range 
0.001  to  0.1  in.;  electrical  measure- 


Electrical  Controii^Jflotors,  Gen¬ 
erators,  Power  and  Sub-Station 
Equipment.  FM,  Standard  and 
Short  Wave  Amplifiers,  Trans¬ 
formers,  Speakers,  Station 
Equipme^.  Special  Induction 
and  Dwi^tric  Heating  Ma- 
chine^^^to-electric  Controls, 
Highliff  quency  Generators, 
M90i^'ing  Equipment,  Etc. 


Whufi  You  Mmmd  h  faH 
tnllr*  Pnftt  cr  Amy 
^  Ntefic  in  Vom  Sfcop  f  Oeri 

MMBi 


m 


INDUSTRIAL  DESIGNERS  b  ENGINEERS 
230  C.0HI0  ST. 

CHICAGO  11 

I  ) 
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Rockbestos  Wires,  Cables  and  Cords  Keep  Products  from  becoming 

Electrical  Cripples 


Designed  to  withstand  such  wire-destroying 
conditions  as  high  operating  or  ambient  tempera¬ 
tures,  conductor-heating  overloads,  moisture,  oil, 
grease,  fumes  or  flame,  permanently  insulated  Rock¬ 
bestos  wires  assure  trouble-free  performance  in 
electronic  devices  and  electrical  equipment. 

The  tough  impregnated  asbestos  insulations,  inher¬ 
ently  heatproof  and  fireproof,  won’t  bake  brittle, 
crack  or  flow  under  heat,  won’t  dry  out  with  age, 
and  won’t  rot  or  swell  from  contact  with  oil  or 
grease. 

125  permanently  insulated  standard  constructions 
ranging  from  tiny,  space-saving  multi-conductor 
control  cables  to  large  power  cables  give  you  a  wide 
selection.  Rockbestos  Research  will  also  work 


with  you  to  design  special  wires  when  standard 
types  won’t  meet  your  requirements. 

For  recommendations,  samples  or  wire-engineer¬ 
ing  assistance  write  to: 

Rockbestos  Prodocts  Corp^  433  NicoR  St,  New  Havee  4,  Ceim. 


ROCKBESTOS  RREWIUJ.  HOOKUP  WWE 

Insulated  with  high  dielectric  s\’nthetic  tapes,  heat  and 
llame  resistant  impregnated  asbestos  hrewall,  and  covered 
with  color-coded  lacquered  glass  braid.  Operating  tem¬ 
perature  range  125°C  to  minus  50°C-  Ideal  for  bunch  wir¬ 
ing  in  compact  apparatus  or  small  motor,  coil,  dynamotor 
and  trans^roer  leads.  No.  22  to  4  AWG  in  1000  volt 
rating — No.  12,  14  and  16  AWG  in  3000  volt.  Also  in 
twisted  pair,  tripled,  shielded  and  multi-conductor  con¬ 
structions.  (W  «/  125  difftrtnt  wins  dtvtUftd  ky  Kockkest0S. 


ROCKBESTOS  RESEARCH 


^ROCKBt^TOS' 


Solves  Difficult  Wire  Problems 


MW  YORK  BUFFALO  CLEVELAND  CHICAGO  PITTSBURGH  ST.  LOUIS  LOS  ANGELES  SAN  FRANOSCO  SEATTLE  PORTLAND,  ORE. 
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ASK  yoOr  jobber 


Ue  FINEST  MICROPHONES 

/orP. A...  RECORDING/ 

v\  \\  ■ 

W  A  'XXNX 


A/Q\xr  P.  G. 
DYNAMIC 


AMPERITE 


VELOCITY 


MICROPHONE 


WITH  NEW 

SUPERIOR 
ELIPSOID 
PICK  UP 
PATTERN! 


WITH 

PATENTED 
ACOUSTIC 
COMPENSATOR  ? 


AMPERIJE  KONTAK  MIKES 
IDEAL  FOR  AMPLIFYING 
STRINGED  INSTRUMENTS 

USED  WITH  ANY  AMPLIFIER 


AMPERin 


A  It  PER  in 


•  PLASTIC  FABRICATING  • 


PUNCHED  AND  FABRICATED  PARTS.  SPEED  AND  ACCURACY  IN 


TOOL  CONSTRUCTION  AND  PRODUCTION  REQUIREMENTS 

•  BAKELITE  SHEETS,  RODS,  TUBES  • 

Over  20  yeors  of  fabricating  axperianea 

ELECTRICAL  INSULATION  CO.,  INC. 


12  VESTRY  ST.. 


NEW  YORK  13.  N.  Y. 


ments  of  force,  acceleration  and  pres¬ 
sure;  electric  deflection  gauge. 

The  pickup  may  be  used  under  un¬ 
favorable  operating  conditions,  in¬ 
cluding  heavy  vibration,  at  tempera¬ 
tures  up  to  300  deg  F.  and  because  it 
is  hermetically  sealed,  it  may  be  sub¬ 
merged  in  water.  Power  supply  may 
be  115  V  a-c  or  an  8,  12  or  24  v  bat¬ 
tery.  Results  may  be  recorded  on  a 
continuous  strip  chart. 

Literature  _ 


Rectifier  Bulletin.  Richardson-Allen 
Corp.,  15  W.  20th  St.,  New  York  City, 
has  just  issued  a  bulletin  called  “Rec¬ 
tifiers”,  describing  selenium  or  tube 
types. 


Control  Devices.  Eastern  Air  De¬ 
vices,  Inc.,  585  Dean  St.,  Brooklyn  17, 
N.  Y.  is  distributing  a  folder  of 
sheets  describing  fractional  bp  mo¬ 
tors,  blowers  and  motor-operated  con¬ 
trols. 


Proximity  Fuse  Story.  Cornell-Dub- 
ilier  Electric  Corp.,  South  Plainfield, 
N.  J.  For  those  who  have  not  tired 
of  the  proximity  fuze  story,  this  nine- 
page  booklet  will  prove  interesting, 
particularly  the  different  pictures. 


Process  Timer.  Photovolt  Corp.,  95 
Madison  Ave.,  New  York  16,  N.  Y. 
Complete  specifications  and  prices  of 
electronic  timers  adjustable  from 
1/20  to  50  sec.  They  operate  on 
100-130  v  a-c  or  d-c. 


Industrial  Research.  Arthur  D.  Lit¬ 
tle,  Inc.,  Cambridge  42,  Mass.  A  20- 
page  booklet  describing  the  facilities 
and  projects  undertaken  by  this  firm 
for  its  clients  in  all  fields  of  science. 


Radar  on  Wings.  Philco  Corp.,  Phil- 
•  adelpbia,  Penna.,  reveals  its  war  se¬ 
crets  in  a  28-page,  well-illustrated 
booklet.  Engaged  in  a  $250  million 
radar  manufacturing  program, 
Philco  was  the  sole  builder  of  the 
Mickey  equipment.  It  also  turned  out 
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Here  are  instruments  for 


your  most  cramped-for-space  de¬ 
signs.  They  mount  through  1-inch  openings! 
Overall  diameters  are  only  slightly  larger. 
Weights  are  a  negligible  ounces. 

Meeting  the  AWS  in  operational  and  con¬ 
structional  details,  MB  Meters  have  a  place 
in  your  precision  electronic  and  portable 
communication  equipment,  compact  testers, 


MB 


iNNUFACTURING  COMPANY,  INC. 

iRttriHitat  UvisioR  ^ 

331  last  St.,  New  il»aa  It,  Coaii. 


and  aircraft  applications.  For  all  of 

their  small  size,  they  feature  thoroughly 
dependable  and  durable  service. 

Peak  quality  materials  are  used  through¬ 
out  . . .  from  those  in  the  high-precision,  re¬ 
sponsive  movement,  to  securely  sealed,  ano¬ 
dized  aluminum  cases. 

Available  in  DC  ranges  from  0-100  micro¬ 
amperes  through  0-10  milliamperes,  and  0-50 
millivolts,  they’re  readily  adapted  to  other 
ranges  with  external  accessories.  The  MB 
companion  IV2"  series  is  supplied  self-con¬ 
tained  in  standard  DC,  and  rectifier  and 
thermocouple-type  AC  instruments. 

Think  of  MB  when  you’re  thinking  of 
multiple  meters.  Several  MB  movements  can 
be  combined  into  one  meter  taking  no  more 
space  than  one  of  conventional  size.  An  MB 
engineer  will  be  glad  to  work  on  any  practical 
adaptations  for  you.  W rite  for  details. 


electronics  — More*  1946 


sot  S«fi«$ 


90  S«ri€* 


AC  0&TLET 


AC  LINE  CORDS 


FUSEHOLOER 


TUBE  CAP 
CONNECTORS 


TUNtNG  JEYES 


tOO'B  S«f{«t 

DETACHABLE 

TERMINAL 

CONNECTORS 


too  Sarfci;. 


211  AND  214  SERIES  CATHODE 
RAY  TUBE  CONNECTOR 
WITH  LEADS 

Any  re<(uireinent8  in  a  cathode  ray 
tube  connector  with  proper  leads 
attached  engineered  as  an  assembly, 
high  safety  factors  in  all  kinds  of 
service.  Super-long  leakage  paths, 
rounded,  “coroiudess"  clips 
isdiwtfttal  pocket  type  insulation 
and  strain  relief. 

B01-5  SHIELDED  PLUGS  AND 
411-5  METAL  SOCKETS 

Shielded  plug  and  socket  for  auto¬ 
mobile  sets  or  for  any  other  Muip- 
ment  where  leads  must  be  shicnd^ 
and  shield  grounded  to  chassis.  ShiNd 
is  easy  to  put  on  and  solder  to  t^ug. 
Supt^ied  with  or  without  shiNd^ 
caUe. 

MINIATURE  CABLE 
CONNECTORS  500  SERIES 

Famous  for  connectiitf  AC  motors 
in  combination  sets  ana  all  kinds  of 
“through-panel”  work.  Overall  diam¬ 
eter  only  YC.  Save  labor  costs  by 
having  our  s|iecial  wire  equitunent 
put  on  leads  to  your  p;irticular  needs. 


121-5  MINIATURE  PLUGS 
AND  441-5  SOCKETS  r 

Cmninct  ‘plug  and  metal  seal 
socket.  Use  when  you  want  connector 
to  come  directly  out  of  chassis.  I.«adB 
to  your  specificaticms.  “Pocket”  type 
individual  insulation  on  each  lead 
and  clip. 

AC  OUTLET  402AC 

Smallest  possible  outlet  that  can 
be  eyeletted  or  riveted  to  chassis  like 
other  components.  Tabs  designed  for 
easy  soldering. 

AC  LINE  CORDS  202  SERIES 

Detachable  AC  line  and  with 
socket,  neat  and  compact.  Socket  eye¬ 
lets  or  rivets  in  place  like  other  com¬ 
ponents.  Underwriters  approved. 

FUSEHOLDER  440FH 

Here  is  a  fusehelder  that  rivets  or 
eyelets  in  (dace  like  the  other  compo¬ 
nents  in  your  set.  Cannot  twist  or 
turn,  has  spring  to  eject  fuse  if  it 
br«iks,  and  make  contact  at  base  of 
fuse  and  prevent  rattle.  Top  contact 
slotted  for  easy  removal  of  fuse  fer¬ 
rule  when  glass  breaks.  Tabs  ue 
special  design  for  ease  in  attaching 
primary  leads  of  ample  siie. 

90  SERIES  TUBE  CAP 

CONmCTORS  WITH  LEADS 

Any  requirement  in  tube  cap  c<m- 
nectors  supplied  with  leads  of  proper 
voltage  handling  characteristics. 
Many  made  spMial,  hundr^s  of 
moldings,  stampings  and  wire  to 
draw  on. 

206-B  TUMNG  EYES  WITH 
LEADS 

Supplied  with  tailor-made  leads. 
With  or  without  escutcheon  and 
bracket.  Individual  insulation  and 
strain  relief  for  each  lead. 

200  SERIES  DETACHABLE 

TRMMAL  CONNECTORS 

Replaces  terminal  strips.  Sup^;]lied 
with  leads.  Each  1^  h^  individual 
insulation  and  strain  relief. 

WIRE  AND  CABLE 

Any  kind  wire  or  c;ible  laced, 
braided,  woven  or  assembled  with 
any  of  our  components  or  those  of 
other  make.  Many  tsrpes  of  wire  in 
stock  and  in  process. 

NEW  ITEMS 

Alden  is  a  specialist  in  bringing 
through  special  electrical  assembUes; 
new  samfjes  made  promptly. 


M  • 

many  Loran  receiver-indicators 
which  are  used  all  over  the  world. 
Not  a  technical  bulletin,  it  is  still 
interesting  reading. 


57 

Tachometers.  Chicago  Electric 
Tachometer  Co.,  800  North  Clark  St., 
Chicago  10,  Ill.  A  four-page  bulletin 
describes  portable  and  permanently 
installed  electric  tachometers  of  all 
types,  together  with  ranges,  sizes 
and  prices. 

58 

Graphic  Recorders.  Esterline- An¬ 
gus  Co.,  Inc.,  Indianapolis,  Ind.  A 
small,  16-page  booklet  describing  a 
saving  in  consumption  of  high-prior¬ 
ity  electrodes  by  means  of  graphical- 
record  study  and  suggesting  uses  in 
other  sections  of  industry. 


ELECTRICAL  RECORDING  INSTRUMB4TS 

Special  instruments  to  recori  electric^  impulses  as  Uity 
•coir  with  all  the  minute  variations  of  intensity  and  dura¬ 
tion.  free  from  the  lag  and  inertia  of  present  systems.  “Electro¬ 
graphic”  recorders  we  can  supply,  include  a  csnpicti  line  of 
facsimile  recorders,  specially  engineered  recorders  for  high 
speed  signal  analysis,  slow  speed  recorders  for  day  by  day 
events,  multi-trace  recorders  for  simultanraus  recording  of  any 
I^enomena  that  can  be  reduced  to  electrical  impulses. 

ALDEN  PBODICTS  COMPANY 

BROCKTON  64,  MASS. 


Metals  and  Alloys.  Westinghouse 
Electric  Corp.,  East  Pittsburgh, 
Penna.  A  47-page  bulletin  present¬ 
ing  physical  and  chemical  properties 
’and  applications  of  various  metallic 
materials  all  of  which  play  a  part  in 
the  electronic  field. 


C-r  Tube  Screens.  Allen  B.  DuMont 
Laboratories,  Inc.,  2  Main  Ave.,  Pas¬ 
saic,  N.  J.  offer  'two  new  bulletins 
containing  concise  data  and  curves 
on  the  characteristics  of  the  P6  and 
Pll  cathode-ray  tube  screens. 


Vacuum  Pumps.  Kinney  Manufac¬ 
turing  Co.,  Washington  St.,  Boston 
30,  Mass.  Bulletin  V-46,  24  pages, 
describes  a  line  of  high-"vacuum 
pumps,  valves,  oil  separators  and 
clutches. 

62 

Television  Networks.  American 
Telephone  and  Telegraph  Co.,  195 
Broadway,  New  York  7,  N.  Y. 
Twenty  pages  cover  the  highlights  of 
Bell  System  plans  for  expanding 
their  communications  facilities  to 
irovide  adequate  wire  and  ra’dio  links 
for  new  services  like  television. 


Catalog  Supplement.  General  Radio 
Co.,  Cambridge  39,  Mass,  has  turned 
out  a  supplement  to  its  fourth  edition 
of  Catalog  K,  originally  issued  in 
1939.  All  editions  are  brought  up  to 
date  by  means  of  the  supplement  un- 


Here'*  Yoor  Opportunity  to  be  First  to 

Start  Your  Own 
RADIO  SERVICE 
SHOP 

Complete  Stortmg-in-Business 
Package  Stocks  of 

TEST  EQUIPMENT 
TUBES,  PARTS,  TOOLS 

Act  guicl<lv*  Meet  the  pent  up  demand  lor 
rodio  service  Turn  your  spenal  service  troining 
into  a  pfontoble  b’lsmess  of  your  own.  No  fust 
N  o  worry  Here  s  everything  you  need— S350 
up  Details  upon  request*  Write,  wire  or  phone 


TRIPLETT 

VwW-Oliiii  IRMi«iiiiml«r 

A.  C^,  C.  VwHt 

0-1040-250-100(MU)00 
M  1000  ohm  par  volt. 
D.  C  MMmmifrt 
0-10-100400 
OImm  0400-250.000 
Cm*  Black  aaoldcd 
3A'x5J<'x2H'. 

$16.00  net 


HALLICRAFTERS  SX-28A 

$223 


SUPER  DEFIANT . SX25  f04.S0 

SKY  CHAMPION  . S20R  60.00 

8KYRIDER  MARINE . 822R  74.50 

SKY  RANGER . S30  110.00 

ECHOPHONE . ECIA  29.50 

ORDERS  FILLED  AS  RECEIVEDIII 

’  AMPLIFIERS 

Complete 
with  tnbae. 

17  Watt 
B0.50 
25WaU 

42.60 
IB  Watt 

54.60 
10  Watt 

70.50 

17  Watt  with  Phono-top . 42.B0 

25  Watt  with  Phono-top . 52.20 

35  Watt  with  Rceord-changcr. . .  .  . . .  .B9.10 

PHILCO  BEAM  OF  UOHT 

Selenium  Ceil  only,  no  holder . 1.BO 

20%  depoeit  required  on  all  C.O.D.  ordew.  2% 
tnaeportation  allowanee  on  order*  oC  121.00  or 
■sore  neeompanied  by  pasrment  in  full. 


KMl/lO  SUPPLY  & 
ENGINEERING  CO.,  Inc. 


127  SEIDEN  AVE 


DETROIT  1  MICH. 
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■'  V,* 


IBiia 


OSCILIOGRAPH 


Model  339  D.  B.  OSCILLOGRAPH.  PRICE  £40  Net  F.O.B. 

APPROXIMATE  PERFORMANCE  DATA 
TIME  BASE  ...  5  -  250,000  cp.s. 

Frequency  Band  Sensitivi 


AMPLIFIER 

1  stage 

2  stage  High  Gain 

Wide  Band 


in  c.p.s.  —  3db. 
10-  100,000 
10-  100,000 
10  -  2,000,000 


Sensitivity 

mV.RMS/mm 

43.0 

1.3 

10.0 


Seven  years  after  its  appearance  in  1 938,  the  Cossor  Double  Beam  Oscillograph  is  still 
unique.  The  intrinsic  value  of  the  technique  introduced  by  this  instrument,  which  provides 
true  simultaneous  indication  of  any  two  effects  on  a  common  time  axis,  has  long  been 
proved  in  all  fields  of  research  and  production  testing  —  both  on  recurrent  and  transient 
work.  It  is  an  understatement  to  say  that  practice  has  revealed  no  sphere  of  investigation 
where  its  use  is  not  at  least  advantageous.  Although  of  enhanced  performance,  the 
instrument  is,  in  changeability  of  COSSOR  single  and  double  beam  trapezium-corrected 
tubes,  true  double  beam  technique  has  been  provided  without  inherent  limitations  or 
distortions.  These  fundamental  qualities  have  been  responsible  for  its  selection  as  the 
standard  Oscillograph  for  most  of  the  Allied  Nations*  Armed  Services.  Thus  precluded 
earlier  from  acquainting  American  users  of  the  "double  beamer’*,  we  are  now^able  to 
make  good  this  omission  and  satisfy  also  the  friendly  urging  of  A.E.F.,  Technicians  who 
have  all  wanted  "the  folks  back  home"  to  know  about  it.  ^ 


A.C. 


HIGHBURY 

CABLE  ADDRESS:  Amplifiers  London 


INSTRUMENT  DIVISION 

LONDON  N.5. 


ENGLAND 


CABLE  CODES:  Bentley's 
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til  a  new  catalog  can  be  compiled. 
There  are  68  pages  of  descriptions, 
photographs  and  prices. 

64 

Ceramics.  Stupakoff  Ceramic  and 
Mfg.  Co.,  Latrobe,  Pa.  Bulletin  245 
describes  the  complete  line  of  cera¬ 
mics,  metallized  ceramics,  kovar  and 
kovar-glass  seals  which  find  active 
use  in  the  electronic  industry. 


65 

Kovar-Glass  Seals.  Stupakoff  has 
issued  Bulletin  145  to  describe  the 
properties  of  kovar,  a  metal  which 
expands  or  contracts  exactly  as  does 
the  glass  into  which  it  is  sealed,  thus 
providing  a  means  of  making  con¬ 
nections  to  hermetically  sealed  elec¬ 
trical  units.  Stock  sizes  and  specifi¬ 
cations  are  in  this  22-page  book. 


67 

Indicator  Lights.  Gothard  Manufac¬ 
turing  Co.,  2110  Clear  Lake  Ave., 
Springfield,  Ill.  offers  a  reference 
book  on  indicator  lights  of  all  types, 
including  assemblies  with  built-in  re¬ 
sistors  for  neon  lamps. 


68 

Constant  Voltage  Transformers. 
Sola  Electric  Co.,  2525  Clybourn  Ave., 
Chicago  14,  Ill.  A  33-page  booklet 
titled  “Electric  Power  Disciplined” 
describes  equipment  designed  to 
overcome  the  inevitable  line-voltage 
variations  which  are  encountered 
when  using  voltage-sensitive  devices 
on  commercial  lines. 


F-m  Radiophone  System.  Federal 
Telephone  and  Radio  Corp.,  Newark 
1,  N.  J.  Designed  for  police,  fire  and 
emergency  service,  this  f-m  mobile 
and  fixed  station  system  is  interest¬ 
ing  for  its  selective-signalling  fea¬ 
ture  which  allows  several  systems  to 
operate  in  the  same  area  with  a 
minimum  of  confusion. 


FOR  BRUSHiS 

High  cwrr*nl  density,  low  contact  drop,  low 


FOR  CONTACTS 

Low  contact  rosistonco  and  non-wolding 


•loctricol  noise,  and  self-lubrication  ore  when  breaking  surge  currents  ore  inherent 
chorocteristics  of  this  silver-impregnated  properties  of  this  unique  combination  of 
molded  graphite  that  may  be  the  onswer  conductive  silver  and  self-lubricating 


to  your  electrical  brush  problems 


graphite. 


SAMPLES  of  Silvor  Graphalloy  will  be  gladly  furnithod  for  test  on  yovr  applications. 
Silror  Graphalloy  Is  usually  silvor  platod  to  pormit  oasy  soldoring  to  loaf 
springs  or  holdors.  Why  not  WRITE  NOW  for  your  tost  samplos? 

GRAPHITE  METALLIZING  CORPORATION-^liiililSlSi^ 

Itss  NEPPERHAN  AVE  •  YONKERS.  NEW  YORK 


SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 


Buyer’s  Guide.  “The  Representa¬ 
tives”,  347  Fifth  Avenue,  New  York 
16,  N.  Y.  have  announced  the  com¬ 
pilation  of  a  130-page  directory  of  all 
component  manufacturers,  their  ad¬ 
dresses,  products  they  make  and  geo¬ 
graphical  list  of  representatives  or 
regional  sales  offices. 
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An  Invitation  to  All  Electrical  Designers  to 

TRY  SILVER  GRAPHALLOY 


DC  0-1,  2.5,  10.  SO.  250,500 
AC  0-1,  2.5,  10.  50.  250 

CXTENOEO  TO  SOOO  VOLTS  IV  EXTKNAt  MULnitlEltS 


FREQUENCY  RANGE 

Negligible  frequency  error  from 
50  cycles  to  100  megecydet. 


INPUT  RESISTANCE: 

DC— 80  megohms  on  I  volt  renge:  40  megohnu  on  500  volt  range 
AC— 40  nvegohms  on  I  voH  range;  20  nvegohms  on  250  volt  range 

IN^UT  CAPACITY  OF  FROBCt  S  micro-intcra  farads 


NEW  IROIE  Str«4mlin«d 
H«nd  FiYtinq  Incorperatinq 
naw  HiqS  Fraquancy  Oiod* 


I  found  the  ONLY  PLACE  to  Cut  Assembly  Costs 
...when  I  found  ^  the  savings  thot  come 
from  using  AMERICAN  PHILLIPS  SCREWS 


Every  day,  large  and  small  assembly  plants 
are  finding  a  worthwhile  opportunity  to 
cut  costs  in  their  screw-driven  assemblies 
in  these  two  ways: 


1 .  Savings  from  American  Phillips  Screws: 
You  can  discard  hand  drivers.  And  speed 
up  with  power  drivers  fitted  with  4- winged 
Phillips  bits  that  fit  firm  and  straight  into 
the  recessed  screwheads.  This  keeps 
workers  from  fumbling  and  dropping 
screws . . .  enables  them  to  drive  every 
American  Phillips  Screw  fast,  straight 
and  flush.  No  split  or  burred  heads. 
No  scarred  and  spoiled  work.  So  our 
put  goes  up.  And  average  assembly  time 
per-piece  goes  down  as  much  as  50%. 


2.  Savings  from  American  Screw  Com¬ 
pany's  **Know-How"  on  All  Types  of 
lin  Screws  . .  .  And  all  Kinds  of  Metals: 
Here  are  some  faas  you  may  be 
overlooking.  Phillips  Screws  are  no/ 
“specials.”  They’re  the  standard. 


modern  method  of 
production  screw 
driving 
American  makes  a 


complete  Phillips 
line.. .wood  screws, 
machine  screws,  sheet  metal  screws,  (3  types), 
and  stove  bolts  ...  in  all  sizes,  all  types  of 
heads,  and  in  all  practical  metals. 


This  means  not  only  steel  and  brass,  but  also 
the  non-corrosive  metals:  Stainless  steel  (in 
many  different  analyses,  according  to  require¬ 
ments  ),  aluminum,  monel  and  Everdur  (silicon 
bronze).  In  particular,  American  specializes 
in  Phillips  Screws  of  stainless  steels. 

And  you  are  invited  to  avail  yourself  of  the 
screw  industry’s  “Information  Center”  ...  to 
get  American’s  recommendations  for  Phillips 
Screws  of  the  type  and  metal  best  suited  to 
your  own  assemblies . . .  and  to  cut  your  costs 
to  lowest  levels. 


AMERICAN  SCREW  COMPANY,  PROVIDENCE  1,  RHODE  ISLAND 

Chicago  Hi  589  E*  Illinois  Street  Detroit  2:  502  Stephenson  Building 


AMERICAN  If 
PHILLIPS^ 


ALL  TYPES 

ALL  METALS:  Steel, 
Irats,  Irenie,  Stain- 
lets  Steel,  Aluminum, 
Menel,  Iverdur  (till- 

cen  brenie) 
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NEWS  OF  THE  INDUSTRY 

First  details  of  h-f  d-f;  radar  on  transports;  program 
of  1946  Broadcast  Engineering  Conference;  Harvard's 
Electro-Acoustic  Lab;  scores  of  engineers  change  jobs 

Program  for  Radio  Parts  Show  in  Chicago 


The  1946  Radio  Parts  and  Elec¬ 
tronic  Equipment  Conference  and 
Trade  Show  will  be  held  at  the 
Stevens  Hotel,  Chicago,  on  May 
13-16,  1946.  Display  of  merchandise 
and  participation  in  the  show  is  lim¬ 
ited  to  companies  belonging  to  one  of 
the  three  sponsoring  manufacturers 


associations — Association  of  Elec¬ 
tronic  Parts  and  Equipment  Manu¬ 
facturers,  Parts  Division  of  RMA, 
and  Sales  Managers  Clubs  (Eastern 
Division). 

Only  radio  parts,  electronic  equip¬ 
ment,  service  tools,  and  equipment 
regularly  handled  by  distributors 


will  be  displayed;  no  manufacturer 
will  be  permitted  to  show,  either  in 
his  booth  or  hotel  room,  any  complete 
unit  designed  as  a  conventional  home 
phonograph,  home  or  auto  receiver, 
hearing  aid,  diathermy  unit,  x-ray 
unit,  or  other  such  types  of  electronic 
equipment. 

All  committee  and  organization 
meetings  are  scheduled  for  May  13, 
along  with  registration.  On  the  re¬ 
maining  three  show  days  there  are 
no  meetings,  and  the  Exhibition  Hall 
will  be  open  from  10  a.m.  to  6  p.m. 
each  day. 

All  hotel  reservations  must  be 
cleared  through  the  Housing  Com¬ 
mittee,  Suite  2214,  221  No.  LaSalle, 


Preferred  List  of  Army-Navy  Electron  Tubes  as  of  Nov.  1,  1945 


Filament  Diode- 

Voltage  Diodes  Triodes  Triodes 


2B22  6AQ6 

BAL5  6SQ7 

6H6  6SR7 


6J6  BAB7  BACTW  6SA7 

6SL7W  6SG7  8AG7 

6SN7W  6SK7  SAKS 

7F8  9003  SANS 

BASS 
SSH7 
SSJ7 
7W7 


12.S  12HS  12SQ7  12JSGT 
12SR7 


Only  types  for  2SCS 
28  volts  anode 
supply  operation 


12SL7GT  12SG7  12SH7  12SA7 

12SN7GT  12SK7  12SJ7 

14W7 


Triodes 

2C2BA 

480TH 

2C39 

827 

2C43 

811 

3C28 

826 

CV92(8r) 

862A 

100TH 

880 

28irm 

889R-A 

304TH 

1626 

8028A 

SAKS 
SAR 
SAS7Q 
SB4G 
6LSWQA 
SN7QT/G 
SVSGT/G 
SYSG 


2SLSGT/G 

38LSGT/G 


2BAS 

2SA7GT 

2807 


8FP14 
SJPI 
7BP7A 
120  P7A 


Voltage 

Regulators 


0A2 
2 
0C2 

0A3,^P75 

0C3/VR10i 

0O3/VR1S0 

991 


Twin  Pulse 

Tetrodes  Tetrodes  Pentodes  Modulation 


Magnetrons 


Rectifiers 

-  Clipper 

Gas  I  Grid  Control  Tubes 


Gas  Switching 


3D21A  2J30-34  4J31-3S  1Z2  3828 

3C48  2J41  4J3S-42  2X2A  4828 

3E29  2J42  4J43~44  3824W  4838 

4C38  2J48  4J80  8R4GY  8821 

8C22  2J4B  4J81  3718  SC 

8C21  2J80  4J82  838  83 

718C  2J81  BJ2B  ISIS  8878 

2J83  8J29  8018  8B8A 

2J8B-86  8J30  8020  8698 

2J88  8J31  872A 

2JS0  BJ32  1006 

2J61A-62A 

1838  1822 

1884  1841 

1842 


R*c«iTlng  types  ctrs  listed  in  the  upper  section,  with  transmitting  types  below.  The  purpose  oi  this  list  is  to  eliect  an  eventual  reduction 
in  the  variety  ol  tubes  used  in  Service  equipment.  It  is  mandatory  thot  cdl  tubes  to  be  used  in  all  future  design  of  new  equipments  under 
the  iurisdiction  of  the  Army  laboratories  or  the  Navy  depcortment  be  chosen  from  this  list.  Provisions  ore  made  for  certain  exceptions, 
however,  and  a  procedure  has  been  set  up  for  obtaining  pemtistion  to  use  other  tubes;  for  Army  equipment,  the  request  should  go  to  the 
Army  Electronics  Standads  Agency,  ond  for  Navy  equipment  should  go  to  Electronics  Division,  Bureau  of  Ships,  Code  930-A,  Navy  Dept. 
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,£/^£comin£nJsJ  foi  - 

FIRE  •  POLICE  •  FORESTRY  •  TELEVISION  RELAYS  •  INDUSTRIAL  APPLICATIONS 


TRANSMITTERS  •  RECEIVERS  •  ANTENNAS 


UHF  COMPLETE  FIXED -FRE¬ 
QUENCY  COMMUNICATIONS 
SYSTEMS — for  any  frequency  be¬ 
tween  100  and  3000  megacycles 
and  for  ANY  type  application: 
municipal,  industrial  or  private 
iise.  We  will  specify  equipment  to 
assure  adequate  power  for  attenu¬ 
ation  and  other  factors  to  provide 

OTHER  LAVOIE  PRODl 
•  Frequency  Standards 
•  Antennas 


clear#  efficient  operation  consistent 
with  economy. 

LAVOIE  Communications  Systems 
ore  built  with  the  some  precision 
and  core  that  won  widespread  use 
and  reputation  in  the  U.  S.  armed 
forces.  If  you  will  advise  of  the 
nature  and  scope  of  your  require¬ 
ments#  full  details  and  costs  will 
be  provided  promptly. 

JCTS:  Frequency  Meters 
Receivers  •  Transmitters 

and  Mounts, 


S^nkm^fiOfcdbrn/L 

RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE,  N.  I. 


Specialists  in  the  Development  and  Manufacture  of  UHF  Equipment 
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A  major 
advancement 
in  the 

recording  blank 
field . . . 


GUARANTEE 

GOULD-MOODY 

ALUMINUM 
RECORDING  BLANKS 

•  •  •  Of  no  in€rease 
in  price  ! 


After  prolonged  research  ond  eiperi* 
mentation,  we  have  introduced  techno¬ 
logical  improvements  into  "Black 
Seal"  blanks  that  not  only  increase  life 
span,  but  materially  enhance  the  other 
finer  characteristics  of  these  blanks. 
And  so  positive  ore  we  of  the  worth 
of  these  perfected  "Black  Seals"  that 
we're  offering  them  to  you  on  an  un¬ 
conditional  ten-year  guarantee  basis. 

You  con'f  t/fford  fo  bo  o 
recording  hoiationht  •  .  . 

"Black  Seal"  blanks  will  not  rip  up, 
disintegrate  or  powder  after  the  fii^ 
playing  if  kept  in  storage  for  any 
long  period  of  time.  You  are  in  no 
danger  of  iosing  voluable  recordings 
in  what,  up  until  now,  you  hove  con¬ 
sidered  your  safe  library  of  recording 
blanks.  No  matter  how  well  you  may 
be  satisfied  with  your  present  blanks, 
you  can't  afford  to  be  a  recording 
isolationist.  Try  "Block  Seals"-- H,  for 
any  reason  whatsoever,  you  aren't 
satisfied,  return  them  at  our  eipense. 


THE  GOULD-MOODY  CD. 

395  BROADWAY  NEW  YORK  13.  N.Y. 


Chicago  1,  Illinois,  because  of  the 
very  critical  hotel  and  housing  short¬ 
age.  The  committee  has  asked  for 
and  received  committments  from  sev¬ 
eral  Chicago  hotels,  allotting  a  defi¬ 
nite  and  reserved  number  of  rooms, 
and  these  will  be  allocated  on  the 
basis  of  not  more  than  2  rooms  per 
member-exhibitor  company  and  not 
more  than  1  room  per  company  for 
others. 


Surplus  12-cm  Radar  Units 
Are  Available  to  Schools 

A  NUMBER  OF  MICROWAVE  re-entrant 
oscillator  units  using  disk-seal  tubes 
and  originally  manufactured  for  air¬ 
craft  radar  units  have  been  pur¬ 
chased  by  the  General  Electric  Edu¬ 
cational  Fund  after  having  been  de¬ 
clared  scrap  by  the  Army,  and  will 
be  made  available  without  charge  to 
colleges  and  similar  educational  in- 


Microwove  re-entrant  oscillator  unit,  origi¬ 
nally  costing  over  $200,  that  is  to  be  made 
available  by  General  Electric  Educational 
Fund  to  educational  institutions  without 
charge  for  demonstrations  and  experimen¬ 
tation 


stitutions.  The  circuits  are  designed 
for  operation  at  a  wavelength  around 
12  cm,  tunable  over  approximately 
20  percent  of  the  range  with  a  single 
control.  The  complete  unit  includes 
a  local  oscillator  cavity  using  a  2C40 
disk-seal  tube,  a  pulsed  transmitter 


Two  power  transformers  and  a  suitable 
dipole  antenna  with  reflector  must  be  con¬ 
nected  to  the  oscillator  os  shown  here.  A 
detector  consisting  of  a  crystal  detector 
and  a  microammeter  or  a-f  amplifier  con 
be  used 


142  important  design 
articles  on  electronit 

equipment  and  parts 


I 


I 


Short-cuts 
to  better 


DESIGN 


USE 


Charts,  graphs, 
reference  sheets, 
equations,  tables 


j  This  handy  reference  book  brings  to  de- 
I  signers,  builders  and  users  of  electronic 
I  equipment  and  parts  a  host  of  valuable 
aids — material  which  has  been  condensed 
into  graphs,  charts,  and  concise  articles,  to 
supply  you  with  a  short  cut  to  more  and 
better  reference  data  in  your  held.  It  con¬ 
tains  a  multitude  of  engineering  aids  related 
to  the  design  of  circuits,  equipment  and  in¬ 
dividual  parts  for  radio,  electronics,  tele¬ 
vision,  facsimile,  radar,  sound,  and  related 
vacuum-tube  apparatus — including  topics 
brought  into  prominence  by  acceleration  of 
wartime  electronic  research. 


Josf  pnbihked! 


ELECTRONICS 

for 


ENGINEERS 

Bditni  b.v  JOHN  MARKUS  and  VIN  7.KMFF 
Asaociate  Editors,  Electronics 

390  pogus,  8V2  X  11.  figures.  $6.00 

This  rich  source  of  data  contains  over  a  hun 
dred  different  articles,  each  one  a  "flnd”  for  the 
electronics  man  who  needs  concise,  easily  avail¬ 
able  Information  to  aid  him  in  his  work.  It 
represents  design  articles,  charts,  and  graphs 
selected  from  the  complete  flies  of  Electronics 
magazine  for  their  value  to  you,  carefully 
condensed,  edited,  and  indexed,  and  arranged 
in  easily  accessible  form. 

Hur#  it  tom#  of  th*  spoeifie  roferenct 
matorlol  yoM'll  hovo  on  hoRd: 

Design  Charts  for  Dissymmetrical  T  Pads 
Design  Procedure  for  Ground  Plane  Antennas 
Harmonic  Analysis  of  Overbiased  Ampllflers 
Computing  Reactive  Attenuation 
Capacitor  Charge-discharge  Nomograph 
Photographing  Patterns  on  Cathods-ray  Tubes 
Impedance  Determinations  of  Bcesntric  Lines 
Electronic  Heating  Design  Chart 
Grid  Control  of  Industrial  Gas-Filled  Tubes 
Design  of  Audio  Reactors  for  D-C  Service 
Chart  for  Determining  Square  Root  of  a  Com¬ 
plex  Number 

SEE  IT  10  DAYS  ON  APPROVAL 

;  Meflraw-HIII  Bosk  Ce..  330  W.  42  8t..  NYC  IS  | 
S  Bind  me  Markus  end  ZelulTs  Electronics  for  End-  ; 

•  nears  for  10  days  sxsminstion  on  soprovsl.  In  10  ; 
S  dsys  I  will  send  $0.00,  plus  few  cenu  postsfe.  or  • 

•  return  book  postpaid.  (Postsce  paid  on  cash  orders.)  . 

■  a 

a  ( 

S  Name  .  * 

a  f 

a  g 

{  Addms  .  2 

a  § 

■  City  and  State .  | 

a  • 

a  Company  .  ■ 

a  • 

S  Po.sltion  . I.  3-46  ; 

■  • 

!  In  Csnsds:  Mail  to  Embas.sv  Book  Co.,  S 

S  12  Richmond  St.  E..  Toronto  1  S 
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TRANSMtnERI 


/  he  new  Wilcox  99 A,  medium  power,  trans¬ 
mitter  designed  primarily  for  airline  fixed  com¬ 
munication  service,  is  provided  with  features  in¬ 
cluding  four  removable  radio  frequency  channels 
in  the  low,  high  and  very  high  frequency  ranges. 

Shown  above  is  one  of  the 
r.f.  channels  with  Johnson 
components  highlighted  . . . 
Type  D  dual  condensers  in 
the  antenna  tuning  and  final 
amplifier  stages.  Type  F 
condenser  in  the  r.f.  ampli¬ 
fier,  cone  insulators  and 
thru- panel  insulators  with 
jack  connections.  None  visi¬ 
ble  in  the  photograph  are 
Johnson  211  and  237  tube 
sockets,  lead-in  bushings 
and  panel  bearings. 

The  use  of  Johnson  compo¬ 
nents  in  the  Wilcox  99A  is 
further  proof  of  the  relia- 

Wlicox  99A 
transmitter 

R.  F.  CAPACITORS  AND  INDUCTORS  • 
CONNECTORS  •  PILOT  LIGHTS 


bility  of  Johnson  products.  In  a  transmitter  of  this 
type,  designed  for  flexible  and  trouble-free  serv¬ 
ice,  components  must  meet  the  highest  standards 
of  quality  and  adaptability. 

The  adaptability  of  Johnson  products  results  in 
great  savings  to  Johnson  customers  by  minimizing 
the  need  for  specially  designed  components.  For 
example,  the  Type  D  dual  condensers  used  in  the 
assembly  shown  above  are  standard  models  re¬ 
duced  in  overall  size  and  supplied  with  special 
mounting  brackets  to  meet  diassis  design.  The 
standard  Type  D  used  in  the  final  amplifier  has 
been  furnished  with  dual  sections  of  different 
capacitances,  thus  eliminating  the  need  for  a 
special  condenser. 

Whether  you  are  working  on  a  "ham  rig,”  elec¬ 
tronic  heating  equipment,  commercial  transmitter 
or  any  other  radio  electronic  device,  you  will  be 
sure  of  top  performance  with  components  by 
Johnson.  Send  us  your  special  problems  and  we 
will  first  try  to  adapt  our  standard  products  to 
meet  your  special  requirements. 


TUBE  SOCKETS  •  INSULATORS 


•  HARDWARE  ITEMS 


WRITE  FOR  SPECIFIC  INFORMATION 
OR  GENERAL  PRODUCTS  CATALOG  968D 


JOHI^SOK 

a  ^amou5  namQ  in  IQ^adio 


.  MINNESOTA 


E-F.  JOHNSON  COMPANY 
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WASECA 
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cavity  using  a  2C43  disk-seal  tube, 
and  a  T-R  box,  as  pictured  in  the  ac¬ 
companying  illustration.  With  it 
wave  propagation,  resonance,  and 
other  microwave  phenomena  can  be 
demonstrated. 

Two  transformers  operating  from 
a  60-cps  power  line  are  sufficient  to 
energize  the  local  oscillator,  as  shown 
in  the  accompanying  diagram.  For 
c-w  operation,  however,  a  d-c  source 
for  the  plate  is  generally  preferable. 
Technical  details  and  characteristics 
of  re-entrant  type  oscillators  of  this 
type  were  given  in  “Cavity  Oscillator 
Circuits",  by  A.  M.  Gurewitsch,  on 
p  135,  Feb.  1946  Electronics. 


The  result  ot 
1 0  yeors  of  Vacuum 
Tube  Voltmeter 
Engineering. 


ACCESSORIES 

To  IncrooM  VM-27  rang# 
to  1000  volt*. 


MODEL  VM-27 

^  1.3.10-30-100  volt*  seal* 

r«ok  rotponso.  r.M.t.  calibration. 

HIGH  IMPEDANCE— 4  magohms  ot  50  cyclos,  60JOOO  ohm* 
ot  100  mogocycUs.  7  mogohint  for  d-c. 

ACCUEATE— Bottor  than  2  porcont  on  d-c  and  60  cyclos 
thru  50  mogocycUs. 

SELF-CONTAINED-1 15  or  230  volt  50-60  cycio  lino  oporotion. 


10X  AC  MULTIPUER 
MODEL  ACM-27 

Input  Impodonco  ovnn 
•roator  then  probu 
oleno.  Flat  rosponta 
from  20  cycU*  to  200 
mugocyclM.  $17.00  nut 
f.e.b.  Flushing,  N.  Y. 


H-F  Direction  Finder 

Still  another  wartime  electronic 
device,  the  ’  long-range  high-fre¬ 
quency  direction  finder  developed  by 
the  Federal  Telephone  and  Radio 
Corporation,  Newark,  N.  J.,  has 
emerged  from  curtains  of  secrecy, 
bringing  to  light  a  dramatic  story  of 
U-boat  warfare.  This  d-f  unit,  cap¬ 
able  of  locating  underseas  craft  even 
though  they  may  be  operating  half 
way  across  the  ocean,  proved  a 
worthy  electronic  teammate  of  radar 
in  directing  the  Navy’s  escort  ships 
and  airplanes  to  victory  over  .\xis 
submarines  in  the  battle  of  the  At¬ 
lantic,  and  now  promises  to  be  an  in¬ 
valuable  postwar  aid  in  increasing 
the  safety  of  overseas  passenger 
plane  service. 

The  effectiveness  of  the  new  direc¬ 
tion  finder  depended  upon  the  use  of 
radios  by  enemy  U-boats.  So  success¬ 
ful  was  secrecy  on  this  development 
that  Nazi  submarines  continued  to 
use  their  radios  even  while  this  was 
leading  to  their  location  and  destruc¬ 
tion  in  rapidly  increasing  numbers. 
Enemy  submarines  used  Kurier  or 
squirt  transmission — a  system  of  ra¬ 
dio  communication  in  split-second 
bursts — to  their  bases  in  occupied 
territory,  to  one  another  in  organiz¬ 
ing  their  wolf-pack  attacks,  and  in 
conveying  weather  information  from 
this  side  of  the  Atlantic  to  the  Ger¬ 
man  high  command.  These  com¬ 
pressed  messages  were  picked  up  at 
the  enemy  receiving  station  on  high¬ 
speed  recording  devices  which  later 
stretched  the  recorded  message  by 
playing  it  back  at  reduced  speed. 

It  was  believed  by  the  enemy  that 
the  brevity  of  these  radio  contacts 
forestalled  detection  by  any  devices 


RF  PROBE 


Intgrchongooblo  probe  included  for  convenience  and 
efficiency  in  making  AC  and  EF  measurements.  Input  ca¬ 
pacity  5  micro  farads.  Euggedly  mounted  6H6  tube  in 
bolonced  circuit.  Complete  voltmeter  with  probe  $150  net 
f.o.b.  Flushing,  N.  Y. 


10X  DC  MULTIPLIER 
MODEL  DCM-27 

5  mugehmt  input  rutitt* 
oncu.  $8.00  nut  f.u.b 
Flushing,  N.  Y. 


ALFRED  W.  BARBER  LABORATORIES 

34^6  Frapcis  Lowis  Blvd.  Flathiag,  N.  Y. 


Safety  first  for  personnel  is  of  the  utmost  importance. 

■  This  protection  can  be  guaranteed  through  the  use  of 
G-E  Interlock  Switches  on  radio  transmitters.  X-ray  and  thera¬ 
peutic  machines,  burglar  alarms,  and  signal  controls  for  fire  doors. 

Safety  first  for  equipment  is  important,  too.  G-E  Indicator 
Lamps  give  visual  evidence  of  what  is  going  on  inside  equipment, 
and  circuit  troubles  can  be  corrected  before  they  become  serious. 
V/rite:  Electronics  Department,  General  Electric  Company, 
Syracuse,  New  York, 


ELECTRIC 


GENERAL 
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SUNSttlltli 


Th«  SUNSWITCH  can  also  be  usad  to  control  illumination 
of  public  buildings,  outdoor  advartising,  airport  beacons, 
radio  mast  running  lights,  and  ships'  running  lights. 


R  I  P 


13  NEW  LITCHFIELD  STREET 


T0RRIN6T0N,  CONNECTICUT 


Bock  in  1941  our  enginoors  hod  eom- 
pletod  the  design  of  o  new  street¬ 
lighting  control  which  unfoilingly  in¬ 
sures  odequote  illuminotion  regordless 
of  chonges  ond  fluctuotions  in  weother 
ond  the  twilight  hour. 


Wortime  obligotions  prevented  produc¬ 
tion,  but  for  four  yeors  the  engineers' 
prototypes  hove  been  tested  under 


octuol  street-lighting  conditions  .  •  . 
time-proven,  it  is  now  ofFered  os  our 


IL^LIGHT  CONTROLJH.JL 

IL  procticol  ond  rugged  unit  with  100 
percent  sofety  foctor  ...  its  sturdy 
components  ossure  o  negligible  moin- 
tenonce  cost.  Tooling  up  for  lorge 
scole  production  is  now  completed. 
Wrifft  tar  Bullotin  No.  8239. 


W/. 


V//A 
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RESISTOR  DATA 


Every  resistor  user  needs  this 
new  Lectrohm  Data  Book  and 
Catalog.  It  is  right  up  to  the  min, 
ute  with  illustrations,  diagrams 
and  scientific  data  of  reference 
notiue.  Here  is  complete  data  on 
‘Lectrohms  wide  selection  of  Vit¬ 
reous  Enameled  Resistors;  includ¬ 
ing  fixed,  adjustable,  "Rib-on- 
edge"  and  ferrule  terminal  types 
— power  line  and  R.  F.  chokes, 
brackets,  bushings,  solder  p>ots, 
etc.,  with  illustrations  and  com¬ 
plete  description.  Write  for  your 
copy  now! 


5127  West  25th  StrMt,  Cicero  50.  III. 


Division  of  The  Natloeol  Loch  Washer  Company.  Newarh.  N.  J. 


STANDARD 

CRYSTALS 

Send  for  New  Catalog 


Standard  Piezo  Company 

1  Nialiiisluil  19^^) 

Quartz  ('rystals  and  1  recjuency  ('oiitrol  Ixjuipnicnt 

() ffu  c  atul  l^ciclopment  I Aihtiralffry 
KAN  ION,  (  AKMSI  K,  Pa.,  P.  C).  Ho\  16  1  (' \ki  im  i ,  I’ 

-  Rt prtstniiitii  t‘s - — — - 

COOPER. DiBLASI  HARRY  A.  LASURE 

259  WEST  14th  STREET.  NEW  YORK  II.  N.  Y.  2216  WEST  llth  STREET,.  LOS  ANGELES  6.  CALIF. 

HAL  F.  CORRY  L.  D.  LOWERY 

3522  GILLON  AVENUE.  OALLAS  5.  TEXAS  1343  ARCH  STREET.  PHILADELPHIA,  PA. 

THE  FOSTER  COMPANY  MANUFACTURERS  SALES  TERMINAL,  Inc. 

409  lumber  bldg..  MINNEAPOLIS,  MINN.  222  COLUMBIA  BLDG..  SPOKANE.  WASHINGTON 

GERBER  SALES  COMPANY  HARRY  B.  SEGAR  &  COMPANY 

94  PORTLAND  STREET,  BOSTON  14,  MASS.  ELLICOTT  SQUARE  BLDG..  BUFFALO,  N.  Y 

A.  SIDNEY  HARDY  E.  j.  WALL 

6S0  BOULEVARD  N.  E..  ATLAN’^A,  GA.  1336  EUCLID  AVENUE,  CLEVELAND  15,  OHIO 


known  to  them.  They  were,  of  course, 
unaware  of  the  new  American  direc¬ 
tion  finders  on  escort  ships  which 
revealed  the  location  of  the  under¬ 
seas  craft  the  instant  they  started  to 
transmit,  no  matter  how  briefly  or 
how  far  away.  The  new  direction 
finder  responds  with  precise  accur¬ 
acy  to  radio  waves  from  across  the 
Atlantic,  or  farther. 

1 

Sub  Plotted,  Sighted,  and.  Sunk 

i 

I  A  typical  result  of  d-f  operation 
j  was  the  sinking  of  the  German  U- 
I  boat  U-66  near  the  Cape  Verde 
!  Islands  in  May,  1944.  The  U-66  in 
j  January,  1944,  according  to  official 
!  Navy  records,  was  operating  off  the 
I  West  Coast  of  Africa.  Her  captain, 
I  wanting  to  refuel,  sent  a  radio  mes¬ 
sage  lasting  less  than  15  seconds,  but 
;  26  Allied  d-f  stations  obtained  bear- 
;  ings  on  it.  From  these,  the  position 
;  of  the  U-66  was  determined,  and  the 
I  USS  BLOCK  ISLAND  and  her  es- 
I  corts  were  dispatched  to  the  scene, 
i  This  group  spotted  the  submarine 
i  by  plane.  ,*_'J’he  destroyer  escort  USS 
BUCKLEY,  sent  in  for  the  kill, 
rammed  and  rode  over  the  sub,  but 
it  managed  to  get  into  the  clear.  The 
BUCKLEY  pursued  and  shot  away 
the  enemy’s  conning  tower.  The 
U-66,  by  then  out  of  control,  collided 
'  with  the  BUCKLEY  and  sank  ten 
I  minutes  later. 

I  Historical  Notes 

The  Bureau  of  Ships  of  the  Navy 
made  the  first  request  for  the  devel¬ 
opment  on  March  21,  1941.  In  Sep¬ 
tember,  1941,  the  ground  direction 
finder  was  demonstrated  to  the  Navy. 
Six  weeks  later  it  was  ready  for  op¬ 
erational  tests  at  sea.  Early  in  1942 
some  500  high-frequency  direction 
finders  were  operating  on  the  Navy’s 
new  anti-submarine  ships  and  1,515 
more  were  ordered.  During  this  same 
period,  sea-going  radar  achieved  re¬ 
markable  new  capabilities,  and  the 
two  became  a  deadly  team  in  direct¬ 
ing  their  ships  to  U-boat  kills. 

The  new'  direction  finder  has  al¬ 
most  no  range  limitation.  Two  bear¬ 
ings  gave  location  mathematically 
with  more  than  adequate  accuracy  to 
guide  escort  ships  to  within  radar 
range  if  the  sub  remains  surfaced,  or 
put  the  sonic  devices  on  a  sound  trail 
if  it  submerges. 

Although  most  of  the  wartime  use 
of  the  direction  finder  was  against 
submarines,  it  was  equally  effective 
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"it  seems  used  be  fsset  it 

hr  the  sesme  weight  m$d  type  ef  mdid 
lets  metMlk  tube  has  m eater  sitMdind^A 
tiveaess  thaet  aa  albbraid  tube," 

Ah  Corps  teehaiciase,  Aheraft  Rmfie  lM 
tory,  he  Aeront«iCi<*i  Eagmctriaf  tbeyieHK 


EFFECTIVELY  ELIMINATES 
ELECTRICAL  INTERFERENCE 


shielding  and  will  stand  up  to  60  pounds  of 
air-pressure  at  the  joints.  Not  only  are  Air- 
Shields  leads  lower  in  cost  in  most  cases,  but 
they  save  hundreds  of  dollars  per  pound  every 
month  in  airplanes  because  of  extreme  light¬ 
ness  in  weight  and  great  fatigue  strength. 

This  combination  of  durability  and  lightness 
has  been  built  into  Air-Shields  harnesses 
through  highly  specialized  engineering  and 
construction  processes.  Exhaustive  tests  —  in 
laboratories  and  in  actual  use  —  have  proved 
conclusively  that  they  are  far  superior  to  ordi¬ 
nary  t>'pes  of  shielding  for  automobile,  air¬ 
plane  ,  marine  and  stationary  gas  engines. 

If  you  have  a  shielding  problem,  take  advan¬ 
tage  of  Air-Shields  expert  engineering  service. 
Your  inquiries  will  be  answered  promptly. 


AIR-SHIELDS  has  developed  seamless  tubu¬ 
lar  shielded  leads  which  are  the  most  practical 
and  efficient  method  known  for  eliminating  in¬ 
terference  of  ignition  systems  with  radio  com¬ 
munications  and  other  electronic  devices. 

This  exclusive  feature  is  but  one  of  the  out¬ 
standing  advantages  found  in  Air-Shields  har¬ 
nesses.  By  using  these  seamless  tubular 
shielded  leads,  with  special  fittings  of  Air- 
Shields*  own  design,  vibration  is  isolated  and 
controlled — the  possibility  of  metal  crystalliza¬ 
tion  and  failure  is  effectively  reduced — mois¬ 
ture  is  prevented  from  entering  from  outside 
and  condensation  from  forming  within — there 
is  no  space  for  formation  of  corona  and  its 
destructive  effects  on  insulation  of  cable. 

Yet  an  Air-Shields  insullation  weighs  from 
50  to  70  percent  LESS  than  flexible  hose-type 


Send  hr  ibis  book. 

lelts  you  why 
An-Sbieldt  seamless 
hbular  shielded 
leads  are  far  sit- 
Pertw  to  ordinary 
shielding. 


Manufacturers  of  seamless  tubular  shielded  leads,  shielded  spark  plugs, 
-  -  -  terminal  comiaets  and  components 
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COPPER  OXIDE 
RECTIFIERS 


Coprox  Model  CX-1C2B1 

A  center  tap,  full- 
wave  rectifier  for  high 
frequency  applications. 
Completely  enclosed  in 
Bakelite.  Low  capaci¬ 
tance.  Conservatively 
rated  up  to  4.5  volts 
A.C.,  3.0  volts  D.C., 

500  microamperes  D.C. 

All  Bradley  rectifiers 
have  special  features 
that  give  long  life, 
make  for  easy  assembly 
and  assure  accurate 
performance.  Bradley’s 
application  experience 
can  be  called  upon  for 
the  development  and 
production  of  special 
rectifiers  for  special 


in  locating,  at  long  range,  airplanes 
in  flight,  and  surface  ships.  These 
are  the  valuable  peacetime  applica¬ 
tions.  The  location  of  an  airplane 
crossing  the  ocean  can  be  determined 
immediately  by  direction  flnders.  In¬ 
stallations  now  being  provided  on 
both  sides  of  the  Atlantic  will  make 
available  to  a  transoceanic  pilot,  who 
might  be  having  navigational  diffi¬ 
culty,  a  service  which  will  give  him 
his  exact  position  at  any  time  he  re¬ 
quests  it.  Furthermore,  these  sta¬ 
tions  can  immediately  obtain  a  pin¬ 
point  location  of  any  plane  in  trou¬ 
ble  and  relay  it  to  the  nearest  ships 
and  shore  rescue  stations. 

The  Navy  officers  reported  that  the 
high-frequency  direction  finder  is 
now  a  vital  instrument  in  the  air- 
sea  rescue  system  of  the  United 
States  Coast  Guard  which  is  organ¬ 
ized  through  its  bases  along  U.  S. 
coasts  to  dispatch  immediately  an 
airplane-rescue  boat  team  to  any 
scene  of  trouble  at  sea. 


Personal  Award  Made 

The  War  Department  has  extended 
a  unique  personal  honor  to  Dwight 
R.  G.  Palmer,  president  of  General 
Cable  Corporation,  in  a  scroll  of  tri¬ 
bute  for  patriotic  service,  including 
production  of  80  percent  of  the  field 
wire  procured  by  the  Army  Signal 
Corps  in  World  War  II. 

The  award,  only  one  of  its  kind 
now  contemplated,  was  presented  in 
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9fuiiuhuJ 


BRADLEY 

LABORATORIES,  INC. 


82  Meadow  St.  New  Haven  10,  Conn. 


Major  Goneral  H.  C.  Inglos,  Chlof  Signal 
Oiiicor  of  the  Army,  presents  unique  War 
Deportment  citation  to  Dwight  R.  G.  Palmer 

recognition  of  his  personal  achieve¬ 
ments  in  breaking  a  serious  bottle¬ 
neck  in  war  production;  in  develop¬ 
ing  substitutes  for  rubber  insulation 
long  before  the  need  for  them  became 
generally  apparent;  in  freely  mak¬ 
ing  these  developments  available  to 
the  rest  of  the  industry,  in  extend- 


#  /  “7  i/  #  /  n  a 

METAL  ETCHING  CO. 

21-03  44th  AVE.. 

LONG  ISLAND  CITY.  NEW.YORK 


fONES  400  SERIES 
PLUGS  and  SOCKETS 

A  medium  size 
Plug  and  Socket 
that  hilfills  prac- 
ticallY  every  re¬ 
quirement  in  the 
public  address, 
radio  and  kin¬ 
dred  fields.  Sock¬ 
et  contacts  ore  of 
phosphor  bronze, 
P-406-CCT  cadnfium  plated. 

Plug  contact! 
aro  of  hard 
brass,  silvsr 
plotod.  Insula¬ 
tion  to  of  mold¬ 
ed  Bcdiolits.  All 

8406.AB  Pl«..<n.dS^- 

•to  or*  Polar- 

tood.  Mad*  In  2.  4.  6.  8, 10  and  12  contacts. 
Caps  or*  of  steol  with  bakod  black  crackle 
*nam*L  A  quality  itom  at  popular  prices. 
8*nd  today  for  catalog  No.  14  Usting  com- 
plot*  lino  of  lonos  Eloctrlcol  Connoettng  De¬ 
vices — Plugs,  Sockets  and  Termincd  Strips. 


HouuflRD  B  Jon€s  compflny 
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HETERODYNE  frequency  METER 

<JIO 

CALIBRATOR 
rm  UMM.  Maws 
OENERAL  RADIO  CO 


from  300  Me  io  300  kc 

A  NOTHER  G-R  instrument  again  available  for  civilian  use!  At  the 
moment,  the  popular  Type  620- AR  Heterodyne  Frequency  Meter  and 
Monitor  is  available  from  stock.  As  a  general-purpose  frequency  meas¬ 
uring  instrument,  this  meter  is  very  valuable  for  measuring  the  frequencies 
of  a  number  of  transmitters,  for  calibrating  and  servicing  receivers  and 
for  checking  the  ranges  of  receivers  and  oscillators.  Where  the  allowable 
frequency  tolerance  is  0.02%  or  greater,  this  meter  can  be  used  for  moni¬ 
toring  radio  transmitters. 


FEATURES 


•  VERY  WIDE  RANGE — 300  kilocycles  to  300  megacycles 

•  DIRECT  READING  — no  charts  or  curves  to  bother  with 

•  SELF-CALIBRATING — calibration  can  be  checked  immediately 

from  built-in  piezo-electric  oscillator 

•  NO  COILS  TO  CHANGE — built-in  coil  system  with  10-point 

panel  selector  switch 

•  GOOD  ACCURACY— over-all  accuracy  is  0.01%  or  better 

•  FLEXIBLE  POWER  SUPPLY — built-in  a-c  supply  or  external 

d-c  source,  either  selected  by  panel  switch 


TYPE  620-AR  (Relay  Rack  Model)  HETERODYNE  FREQUENCY 
METER  &  CALIBRATOR . $490 


Order  now;  delivery  probably  can  be  made  from  stock 


GENERAL  RADIO  COMPANY 


Cambridge  39, 
Massachusetts 


90  West  St..  New  York  6  920  S.  (Vlichig.in  Ave..  Chicago  5  1000  N.  Seward  St.,  Los  Angeles  38 
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COAT  TURNTABLES  and  GRILLS 


wtM 


0eii«4ii€dc 

FLOCK 


Here's  the  ideal  material  for  coat¬ 
ing  phonograph  turntables  and 
grillsl  It  protects  records,  elimi¬ 
nates  slipoing,  and  provides  a  rich,  velvety  finish  at  low  cost 
Cellusueoe  can  be  applied  to  almost  any  surface,  easily  and 
economically,  by  sifting  or  spraying.  Bolh  Rayon  and  Cotton 
Flock  availaole  for  Immediate  snipment  in  a  wide  assortment 
of  eye-catching  colors.  No  rationing  ...  no  priorities  . . .  No 
delay. 

Seed  for  tooklef. 

Color  Cord, 

Samples  oed  Prices 
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Allied’s  1946 

CATALOG 

9^  ^€icU9  and 
StcetnoHic 


LARGEST  AND  MOST  COMPLETE 
STOCKS . . .  Under  One  Roof 

You’ll  find  this  new  Buying  Guide 
extremely  helpful  and  valuable  today! 
Places  over  10,000  items  at  your 
finger  tips — for  research,  mainten¬ 
ance  and  production.  Includes  parts, 
tubes,  tools,  books,  test  instruments, 
public  address  and  communications 
equipment.  Concentrates  all  leading 


makes  here  in  one  large  central  stock 
to  give  you  faster,  more  efficient,  more 
complete  service — saves  you  time, 
work  and  money.  Whatever  you 
need  ...  it  pays  to  check  with  Allied. 
Write,  wire  or  'phone  Haymarket  6800. 


ing  to  the  government  freedom  of 
use  of  all  General  Cable  patents,  and 
in  taking  extraordinary  steps  to 
maintain  employee  morale  without 
discrimination  as  to  race,  color,  or 
creed. 


Radar  on  Transports 

Approximately  75.6  percent  of 
U.  S.  troop-transport  ships  are  now 
equipped  with  Raytheon  model  SO-1 
and  SO-8  radar,  and  it  is  expected 
that  this  figure  will  be  increased  to 
nearly  100  percent  or  600  ships,  early 
in  1946. 

Radar  eliminates  the  delays  caused 
by  bad  weather  or  poor  visibility. 
A  pencil -sharp  beam  constantly 
searches  the  area  all  around  the  ship, 
giving  a  map-like  presentation-  on 
the  radar  indicator  of  anything  that 
falls  within  its  range.  Other  ships, 
icebergs,  buoys  .  .  .  even  driftwood, 
are  spotted  with  an  accurate  indica¬ 
tion  of  their  bearing  and  distance 
off. 

With  the  defeat  of  Germany,  our 
military  leaders  were  faced  with  the 
problem  of  redeploying  great  num¬ 
bers  of  troops  to  the  Pacific  and  to 
the  United  States  in  the  shortest  pos¬ 
sible  time.  Radar  has  to  a  great  ex¬ 
tent  eliminated  the  necessity  for  re¬ 
ducing  speed  during  periods  of  poor 
visibility  and  for  waiting  outside  of 
harbors  for  fog  to  lift. 

On  several  occasions,  ships  that 
normally  carry  1,500  or  more  troops 
have  spotted,  on  their  radar  indi¬ 
cators,  floating  mines  that  had 
broken  loose  during  the  storm,  and 
were  able  to  change  course  in  time 
to  prevent  a  collision  and  certain  dis¬ 
aster. 


Broadcast  Engineering 
Conference 

Resuming  after  a  lapse  of  three 
war  years,  the  sixth  annual  Broad¬ 
cast  Engineering  Conference  will  be 
held  in  Campbell  Hall,  Ohio  State 
University,  Columbus,  Ohio,  during 
the  week  of  March  18-23,  1946.  The 
program  places  emphasis  on  new'  de¬ 
velopments  affecting  broadcast  engi¬ 
neering,  including  f-m  and  television, 
and  will  include  an  exhibition  of  new’ 
equipment  by  manufacturers. 

The  registration  fee  for  the  entire 
conference  is  $15  ($12  to  those  mak¬ 
ing  payment  before  March  4).  Special 


1  ALLIED  RADIO  CORP. 

K  833  W.  Jackson  Blvd.,  Dept.  24-C-6,  Chicago  7,  Illinois 
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GLOBAR  type  BNR  Resistors  offer  unusual  advantages. 
Voltage  sensitive,  they  respond  instantly  to  load  change. 
When  a  potential  is  applied,  their  resistance  decreases. 
Release  the  potential  and  resistance  increases.  Note  the 
curves  illustrating  this  characteristic.  Commonly  referred  to 
as  Negative  Resistance-Voltage,  it  can  be  practically  applied 
to  many  uses. 

For  example,  it  acts  as  an  ever-present  sentinel... proteaing 
meter  coils...  protecting  coils  in  magnetic  valves ...  protect¬ 
ing  pilot  lights  on  instrument  panels.  Perhaps  one  of  its 
most  popular  uses  is  the  absorption  of  the  inductive  kick 
produced  by  an  oil  burner  ignition  transformer. 

Fundamentally,  GLOBAR  type  BNR  Resistors  dampen  the 
effea  of  transient  voltages  in  electrical  circuits.  Where  con¬ 
ditions  such  as  this  are  encountered,  they  can  be  used  to 
advantage. 

Because  this  type  resistor  must  be  made  to  meet  exaa  needs 
of  specific  applications,  it  is  not  carried  as  a  standard  stock 
item.  However,  it  can  be  readily  manufactured  to  specifica¬ 
tions.  To  save  time  and  trouble... when  resistors  are  being 
considered ...  the  following  information  should  be  furnished. 

1.  Type  of  apparatus  in  which  the  resistors  are 
to  be  used. 

2.  Method  of  mounting  and  space  limitations. 

3.  Normal  operating  voltage  and  peak  voltage 
if  available. 

4.  Resistance  and  inductance  of  the  circuit  if 
available. 

5.  Ohmic  resistance  of  the  resistor  and  allow¬ 
able  plus  and  minus  tolerance. 

6.  Maximum  voltage  applied  continuously  or 
intermittently. 

7.  Duration  of  load  and  elapse  of  time  between 
its  application. 

Let  us  help  you  with  your  resistor  problems.  Write  today. 
There  is  no  obligation,  of  course. 

Samples  are  available  for  engineering  tests  on  short  notice. 
The  Carborundum  Company,  Globar  Division,  Niagara 
Falls,  New  York. 


TRADE  MARK 


'Carborundum’*  and  ’’Globar”  are  registered  trademarks  which  indicates  manufacture  by  The  Carborundum  Company 


electronics  —  MorcA  1946 


accommodations  for  the  Conference 
are  offered  by  the  Fort  Hayes  Hotel. 

Program 

March  18:  9-11  a.m. — Contribu¬ 
tions  of  War  Developments  to  Broad¬ 
casting,  by  A.  B.  Chamberlain;  11-1 
p.m. 

Symposium  on  Broadcast  Mainte¬ 
nance  Problems,  by  A.  J.  Ebel ;  2 :30- 
4:30  p.m. — Design  of  Broadcast  Stu¬ 
dios  with  Irregular  Boundary  Sur¬ 
faces. 

March  19:  9-11  a.m. — Antenna 

Patterns  and  the  Antennalyzer,  by 
G.  H.  Brown;  11-1  p.m. — Symposium 
on  Recording  Techniques,  by  L. 
Smeby;  2:30-4:30  p.m. — General 
Acoustical  Problems  in  Broadcasting, 
by  E.  J.  Content. 

March  20:  9-11  a.m. — Symposium 
on  VHF  Antenna  and  Coupling  Cir¬ 
cuits,  by  E.  C.  Jordan;  11-1  p.m. — 
Symposium  on  Television  Station  Op¬ 
eration,  by  R.  E.  Shelby;  2:30-4:30 
p.m. — Radio  Relays  for  F-M  and  Tele¬ 
vision. 

March  21:  ^11  a.m. — Stratovi- 

sion,  by  R.  Harmon  and  others;  11-1 
p.m. — Round  Table  and  Question  Box, 
by  A.  D.  Ring,  J.  Willoughby,  and 
others ;  2 :30-4 :30  p.m. — Intercon¬ 
necting  Facilities  for  F-M  and  Tele¬ 
vision  Broadcasting,  by  H.  I.  Romnes 
and  W.  E.  Bloecker. 

March  22:  9-11  a.m. — High-Pow¬ 
ered  Tubes  for  VHF  Operation,  by 
W.  W.  Salisbury;  11-1  p.m. — Sym¬ 
posium  on  F-M  Operating  Problems, 
by  P.  B.  Laeser;  2:30-4:30 — Sym¬ 
posium  on  F-M  Monitors,  by  R.  C. 
Higgy,  D.  B.  Sinclair,  F.  Gunther, 
and  H.  R.  Summerhayes,  Jr. 

March  23:  9-11  a.m. — Symposium 
on  F-M  Modulation  Methods,  by  W. 
L.  Everitt;  11-1  p.m. — Symposium  on 
Field  Experiences  in  VHF  Propaga¬ 
tion,  by  R.  M.  Wilmotte. 


A  VERSATILE  TEST 
LABORATORY ...  IN 
ONE  COMPACT  UNIT! 


There  are  many  lands  for 
special  uses,  such  os  appli¬ 
cations  calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  are  more  than 
a  score  oi  formulas  in  actual 
production  at  one  time  in  our 
factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod¬ 
ucts,"  It  is  right  to  the  point. 


jfie  STAR 
PORCELAIN  CO 

Eleetrosics  Dept. 

Trenton  9,  N  J. 


ELECTRONIC  ' 
VOLT-OHMMETER 
MODEL  406 


NEW  BRIDGE.TYPE  CIRCUIT— fully  kal* 
anced  throuih  3  stages  for  maximuin  accuracy 
and  staMlity.  Tube  eonpliuient:  one  6X5GT 
reetMer.  two  6SN7QT  dual  purpose  tubes  and 
SALS  dual  diode  in  probe. 

PEN.TYPE  DUAL.OIOOE  PROBE— on  de¬ 
tachable  30*  shielded  cable.  High  inpedanee, 
low  capacity  and  convenient  ground  terminal 
assure  accurate  readings,  A.F.  through  U.H.F. 
ranges  with  minimum  circuit  disturbance. 

EXTREME  RANGE— full  scale  sensitive  of 
0.1.  0-3.  0-10.  0-30,  0-100.  0-300  and  0-1000 
volts  A.C.  and  D.C.  and  0-1000  megohms  in  7 
ranges  with  ample  overlap  to  olimlnato  guess¬ 
work.  Decibel  scale— 20  to  +51  in  3  ranges. 


Kirkland  Bulls-I-Units  ore  ideal  for  this  purpose. 
Just  provide  the  proper  size  holes  in  the  panel, 
then  insert  the  Kirkland  units  and  lock  into  i 
ploce.  AAony  different  units  to  choose  from.  A 
Assembly  is  then  ready  for  installation. 

Connect  incoming  wires  and  ploce 
in  service.  Typical  unit  illustrated 
obove  mode  with  T2  units. 


INCLINED  METER — for  easier,  more  accurate 
readings  with  less  paralax. 


HANDSOME  APPEARANCE— Satin  Chrome 
panel,  etched  black  self-explanatory  markings, 
convenient  controls  guarter-sawed  oak  case, 
folding  leather  carrying  handle.  Overall  size 
HrxS'/s'xS'A'. 

LABORATORY  ACCURACY— calibrated  to  2% 
accuracy  at  plant— S%  accuracy  guaranteed  in 
field.  An  instrument  of  laboratory  quality  and 
ruggedness  priced  within  reach  of  all  who  want 
the  best! 


Achievements  of  Harvard’s 
Electro-Acoustic  Laboratory 

After  five  years  of  highly  secretive 
and  significant  war  work  for  the 
Army,  Navy  and  Marine  Corps,  the 
Electro-Acoustic  Laboratory  in  Cruft 
Building,  Harvard  University,  has 
closed  its  doors. 

Under  the  directorship  of  Dr.  Leo 
L.  Beranek,  the  Laboratory  in  No¬ 
vember  1940  received  its  first  com¬ 
mission  from  the  Army  Air  Forces — 
to  investigate  means  for  quieting  the 
noises  inside  long-range  bombing 
planes  so  that  the  personnel  could  do 


Writ*  today  for  FREE  bMlIotlii 
giving  Complofo  Dofallt! 


TYPE  T2  UNIT 


ELECTRO  MAGNETIC  WINDINGS 
R.  F.  COILS  $UB.ASSI 


Small  and  modurn,  moldud  of  bokuUlu.  For  u»* 
with  slldo-bato  iwltchboord  bulb 
0.038  AAox.  Amp)  with  rotitfor  on  120-220- 
440  volU.  Ovurall  dia.  lont-Cop  V*  • 
LIST  PRICE  (lost  bulb)  TOf. 

L  Wr/fp  Today  for  Catalogvo 

Where  Quality  it  the 
Foremost  Consideration  _ 


March  IFdd  — ELECTRONICS 


electronics  — ^^a^cA  1946 


MEYERCORD  DECAL  NAMEPLATES 


Don’t  let  unusual  surfaces  deprive  your 
product  of  the  smarter  effect  and  lower  cost 
of  Decal  nameplate  identifications.  Send  for 
Meyercord’s  new  Nameplate  Selector  and 
see  how  scientifically  produced  Decal  name¬ 
plates  can  take  the  toughest  surfaces  in  their 
stride.  There’s  a  Meyercord  Decal  for  every 
surface,  from  standard  Kwik-Ways  to  highly 
specialized  types  resistant  to  acid,  abrasion, 
temperature  extremes,  moisture — for  appli- 


tAc  .  uaUA  i 


cation  on  any  shape  or  kind  of  commercial 
surface.  No  rivets,  bolts  or  screws  required. 
They  can  be  produced  in  any  size,  design  or 
number  of  colors.  And  they  last. 

Let  the  new  Meyercord  Decal  Selector 
help  you  specify  the  right  Decal  for  product 
trademarks,  instructions,  patent  data  or  dia¬ 
grams.  It’s  another  Meyercord  service  that 
is  yours  on  request.  Write  for  one  today.  The 
supply  is  limited.  Address  Dept.  39-3. 


44, 


THE  MEYERCORD  CO. 


World's  Largest  Decalcomania  Manufacturers 
WEST  LAKE  STREET  •  •  •  CHICAGO 


i  L  L  i  N  O  i  S 


UNIVERSALLY  ACCLAIMED 


The  Most  Indispensable  Reference  in  Radio-Electronics 

Electronic  Engineering  Muster  Index 


A  master  compilation  of  over  15,000  titles, 
articles  and  texts  selected  for  their  value  to  the 
research  engineer,  this  INDEX  covers  the  years 
1925-1945  and  enables  you  to  survey  twenty  years 
of  research  literature  on  any  subjea  in  a  matter 
of  minutes! 

Vitally  Needed  In  Every  Laboratory  and  Library 
COMPLETE  IN  ONE  VOLUME 

PART  I  PART  II 

January  1925  to  January  1935  to 

Decomber  1934  Juno  1945 


★ 


PARTIAL  LIST  OF 

Bell  Laboratories  Record 
Bell  System  Technical 
Journal 

Communications 
Elearical  Communication 
Elearical  Engineering 
Engineering 
Elearonics 
Electronic  Industries 
Jour,  of  Applied  Physics 


PERIODICALS  INDEXED: 

Journal  of  I.E.E. 

General  Elearic  Review 
Physical  Review 
Proceedings  I.R.E. 
Transaaions  of  A.I.E.E. 
Transactions  of  A.S.M.E. 
Radio  News 
R.C.A.  Review 
Wireless  Engineer 


A  $300  Reference  Library  in  One  Volume  for  $17.30 


Descriptive  circular  on  request. 

ELECTRONICS  RESEARCH  PUBLISHING  COMPANY 

2  Watt  46tfc  StrMt  Now  York  19.  N.  Y. 


SOOM! 

We  expect  to 
introduce  a  new 
member  of  the 
XceLite  family 


THE  ORIGINAL  SHOCK-PROOF 
SCREWDRIVERS 

XceLite  originated  a  new  idea  in  screwdrivers 
— and  many  years  ago!  Its  design  embodied 
the  shockproof  (special  transparent  plastic) 
handle.  Today,  XceLite  Screwdrivers  still  lead 
the  parade  in  efficient,  on-the-job  perform¬ 
ance.  Excellent  tools  for  radio,  electrical, 
mechanical  and  general  use.  Finely  machined 
blades  of  special  aUoy  steel.  Over  70  sizes  and 
styles, — there’s  one  for  your  every  need.  Ask 
your  hardware,  radio  or  mill  supply  dealer  or 
write  Dept.  C. 

PARK  METALWARE  CO.,  INC. 

Orchard  Park  New  York 


Here’s  No.l  oil  the  Tool 

^^Hit  Parade^^ 


ITE 


QUALITY  TOOLS 
PREFERRED  BY  THE  EXPERTS 


their  job  with  less  fatigue.  A  few 
months  after  that  came  its  second 
and  most  important  assignment,  to 
make  communication  possible  be- 
tw'een  the  crews  of  aircraft  flying  at 
altitudes  above  20,000  feet. 

Sound-Treating  Airplane  Cabins 

From  the  first  project  grew  a  new 
material  sold  under  the  trade  name 
of  Fiberglas  A  A,  made  from  glass 
fibers  a  micron  in  diameter — only 
1/1 00th  the  thickness  of  human  hair. 
These  glass  fibers  are  coated  with  a 
plastic  binder  which  holds  them  to¬ 
gether  in  the  form  of  a  blanket  that 
is  i  inch  in  thickness  and  weighs 
1/20  pound  per  square  foot. 

In  sound-treating  an  airplane,  two 
i  inch  blankets  of  the  Fiberglas  are 
sewed  on  opposite  sides  of  a  sheet  of 
asbestos  paper,  and  the  combination 
was  mounted  inside  the  plane  about  3 
inches  away  from  the  walls.  Most 


I  Diffuse  sound  room  in  the  Electro-Acoustic 
Laboratory  of  Harvard,  where  noises 
heard  in  a  plane  during  flight  ore  realisti¬ 
cally  reproduced 

I 

long-range  military  planes  manufac¬ 
tured  after  1941  were  treated  in  this 
manner.  The  Boeing  Super-Fortress, 
one  of  the  quietest  military  planes 
flying,  w'as  the  laboratory’s  most 
outstanding  example  of  successful 
quieting. 

Talking  at  i0,000  Feet 

Improvement  of  communications 
systems  in  aircraft  involved  deter¬ 
mination  of  the  way  in  which  the 
human  voice  and  the  equipment  var¬ 
ied  as  the  atmospheric  pressure  was 
reduced  to  the  very  low  values  exist¬ 
ing  above  20,000  feet,  and  recom¬ 
mendation  of  new  equipment  designs 


314 


March  T946  —  ELECTRONICS 


%«r  problem- 


THIS 

MONTH’S 

FEATURES 


THE  FAMOUS  NEWARK  BARGAIN 
OIL-FILLED,  OIL-IMPREGNATED 


FILTER  CONDENSERS 


•FULLY  GUARANTEED  AT  RATED  VOLTAGES- 


Capacity 

Working  Voltage  Height 

Width 

Depth 

Wt. 

Price 

1  mfd. 

1500  V.D.C. 

1*4 

1" 

4oz.  $  .79 

4  mfd. 

1000  V.D.C. 

3  Vs 

2 '4 

IVs 

12  oz. 

1.50 

4  mfd. 

3000  V.D.C. 

3*4 

1*4 

3*/, 4 

1*4  lbs. 

3.75 

5  mfd. 

2000  V.D.C. 

4 

3*4 

IVs 

1  lb.  4  oz. 

2.15 

8  mfd. 

2000  V.D.C. 

4Vj 

3*4 

2’/! 

2Vi  lbs. 

2.75 

.15  mfd. 

4000  V.D.C. 

2Vt 

1*4 

1 

8  oz. 

.89 

.25  mfd.* 

2000  V.D.C. 

3*4 

1*4 

1 

6  oz. 

.69 

*Special  Porcelain  Insulators 

1.5  mfd. 

1000  V.D.C. 

2% 

1*4 

1 

8  oz. 

.59 

10  mfd. 

3000  V.D.C 

4V. 

3*4 

3V4 

3  lbs.  8  oz. 

4.75 

13  mfd. 

1000  V.D.C. 

3*4 

3*4 

1*4 

1*4  lbs. 

2.25 

15  mfd. 

3000  V.D.C. 

4*4 

4*4 

3V. 

5  lbs. 

5.25 

8  mfd. 

3000  V.D.C. 

7*4 

6 '4 

3*4 

7  lbs.  4  oz. 

3.95 

2  mfd.  &  4  mfd. 

600  V.  metal  can  4Vi 

2  Vi 

1V4 

14  oz. 

.80 

5-5-15  mfd. 

1000  V.  in  metal  can  4Vt 

3'/! 

3*4 

4  <4  lbs. 

1.75 

HAMMARLUND 

HQ.129X  (with  tubes) . 

.  $129.00 

ASPC-210X  ... 

.  318.00 

1 

1  ASP-21  OSX _ 

.  318.00 

Avoiloble  for  rock  mounting  at  tome  prices 

NATIONAL 

NC-2-40C  ond  speaker .  $240.00 

RM£ 

RME-45  and  speaker .  $166.00 


HALLICRAPTERS 

SX-28A  Super  Skyrider  with  crystal,  less  speaker  $223.00 

S-20R  Sky  Champion  with  built>in  speaker. . .  60.00 

S-22R  Skyri^r  Marine  with  builNin  speaker..  74.50 

SX-25  Super  Defiant  with  crystal,  less  speaker  94.50 

S-39  Sl^  Ranger  portable,  AC/DC  and  battery  110.00 

SX-36  FM/AM  receiver  . .  415.00 

S-37  V.H.F.  FM/AM  receiver .  591.75 

PM-23  lO'  PM  speaker  in  cabinet  for  use  with 

SX-25,  SX-28A .  15.00 


MtELROY  KEY 

The  Deluxe  — Model 

CP  810 .  $9.75 

GENERAL  ELECTRIC  METERS 

0-5(X)  D.C  MA.  2"  round  0-8  RF  ammeter,  2"  round 
Bokelite  cose..  $3.50  Bokelite  cose..  $4.00 

ABBOTT  TR-4 

Compact,  efficient  2\^  meter 
transmitter-receiver  $39.00 

TUBE  OARGAINS 

Many  famous  mokes,  popular  types  at  ridiculously  low  pricesi 
Write  for  listi 

NEWARK  TRANSFER  BARGAINS 

45556  778  V.C.T.  at  200  MA.  115  V.  60  Cycle  6.3  V.C.T. 

at  5  A.  5  V.  at  30  amp.  9  lbs . $3.95 

45557  15  H.  150  MA.  200  ohm  2000  V.  insulation  5'/]  lbs..  .$1.95 

NEWARK  GUARANTEE 

All  merchandise  advertised  carries  the  usual  Nework  Electric  guar¬ 
antee  of  complete  satisfaction! 

CLOSE  OUT  ON  METERS.  $4.93  EACH  f 

Western  Electric  Micro-ammeter.  Bakelite  cose  fits  3*4^  hole. 
Radium  dial  150-0-150.  Can  be  used  with  0-200  micro  and  amp  | 
scole  costing  15<  odditional.  Excellent  as  a  5000  ohm-per-volt  ' 
meter  or  null,  sound  level  and  galvanometer  indicator.  | 

Instruction  included.  No  priority  required.  ; 

AVz*  square  0-200  Micro-ammeter.  1 

4Vj*^  square  100-0-100  Micro-ommefer. 

«ET  YOUl  NAME  ON  OUl  MAILINC  LIST 


Be  first  to  get  announcements  of  mer¬ 
chandise  available,  special  bargains, 
etc.,  etc.  Send  name  and  address  on 
post  cord.  Stote  whether  amateur,  en¬ 
gineer,  school,  industrial  or  service 
man.  Address  orders  and  inquiries  to 
Dept.  E,  at  NEWARK  store  nearest  you. 


ALL  PRICES  SUBJECT  TO 
CHANGE  WITHOUT  NOTICE 


^  \  t  AS  0 


*»fw  .  31311.  ***5? 
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"EBBS” 


lor 

ELECTRONIC 

and 

ELECTRIC 

APPLIANCE 

MANUFACTURERS 

We  are  world-wide  distribu¬ 
tors,  with  extensive  facilities 
for  marketing  and  merchan¬ 
dising  all  types  of  products 
in  the  radio  and  electronics 
field,  seeking  additional 
lines  of 

Radio^  televUion,  air  con¬ 
ditioning,  refrigeration 
units  or  components,  elec¬ 
trical  appliances  for 
household  use,  variable 
condensers,  tuning  mech¬ 
anisms,  speakers,  record 
changers,  wired  assem¬ 
blies,  tubes,  generators, 
transformers,  distributors, 
cabinets  and  batteries,  in¬ 
sulation  materials,  ther¬ 
mostats,  rectifiers,  testing 
instruments,  and  other 
items  in  the  electrical  field 
suitable  for  export. 

We  buy  and  ship  for  our 
own  account  and  pay  in 
U.  S.  Dollars  in  New  York 

International  business  for 
over  45  years  —  our  own 
branches  and  representa¬ 
tives  in  all  important  mar¬ 
kets  of  the  world. 

ERNST  SEIDEEMANN 

WOOLWOKTH  BriI.DING. 
NEW  YORK  7,  N.  Y. 


to  be  adopted  and  manufactured  for 
use  at  high  altitudes. 

To  determine  how  the  human 
voice  varies  with  altitude,  a  complex 
machine  called  an  audio  spectrom¬ 
eter  was  developed  to  split  up  the 
sounds  of  speech  into  thirteen  dif¬ 
ferent  bands.  Eight  men,  wearing 
suitable  oxygen  masks  and  equipped 
with  microphones  and  earphones, 
were  placed  in  a  large  altitude  tank 
and  taken  up  to  an  altitude  equiva¬ 
lent  to  40,000  feet  for  two-hour 
stretches,  where  they  read  sentences, 
words  and  vowel  sounds  over  the 
microphones.  The  audio  spectrom¬ 
eter  measured  how  loud  they  were 
talking  in  each  of  the  different  tonal 
bands. 

Several  very  interesting  things 
were  learned.  First,  the  human 
voice  decreases  in  intensity  at  35,- 
COO  feet  to  about  1/10  of  its  strength 
on  the  ground.  No  change  in  hear¬ 
ing  was  found.  As  a  result  of  these 
discoveries,  special  amplifiers  were 
built  whose  amplification  automati¬ 
cally  increased  with  altitude. 

It  was  also  found  that  the  tonal 
quality  of  the  voice  changed  with  al¬ 
titude.  At  35,000  feet  the  consonants 
seemed  unusually  distinct,  and  there 
was  a  booming  of  the  voice  in  the 
lower  register.  A  lack  of  quality  was 
added  by  the  nasal  passages.  The 
talker  experienced  some  difficulty — 
his  nose  felt  stuffy  and  his  throat 
cottony.  There  was  an  inability  to 
speak  more  than  two  or  three  words 
without  taking  a  breath.  Also,  the 
presence  of  the  oxygen  mask  changed 
the  tonal  quality  of  the  voice,  ampli¬ 
fying  the  low  notes.  The  micro¬ 
phones  and  the  amplifier  had  to  be 
built  so  that  they  amplified  the 
higher  notes  more  than  the  lower 
ones,  thus  removing  the  booming 
sound. 

Design  of  Anechoic  Chamber 

One  portion  of  the  laboratory’s 
work  demanded  the  construction  of 
a  special  room  called  an  anechoic 
chamber  (without  echo)  to  simulate 
atmospheric  conditions  existing  at 
one  to  three  thousand  feet  above  the 
earth.  The  walls  are  almost  perfectly 
absorbing,  with  less  than  1/1000  of 
the  incident  sound  being  reflected 
from  the  walls.  This  same  situ¬ 
ation  exists  above  the  earth  where 
there  are  no  buildings,  walls  or 
ground  to  reflect  sound. 

The  walls  of  the  chamber  are 
lined  with  20,000  wedge-shaped 


AKC.ON  millM  KK>  l>  lo.N,' 

Nl(J.\  XINON  MIXIIKIS 


•  .  .  Spectroscopically  Pure 
.  .  .  Easily  removed  from  bulb 
without  contamination 


Scientific  uses  for  Linde  rare  gases  include— 

1.  The  study  of  electrical  discharges. 

2.  Work  with  rectifying  and  stroboscopic 
devices. 

3*  Metallurgical  research. 

4,  Work  with  inert  atmospheres,  where  heat 
conduction  must  be  increased  or  decreased. 

Many  standard  mixtures  are  available. 
Special  mixtures  for  experimental  purposes 
can  be  supplied  upon  request. 

The  word  ‘"Linde”  is  a  trade-mark  of 


THE  LINDE  AIR  PRODUCTS  COMPANY 

(Jriit  of  Union  and  Corhon  C .  r /'-Ji  . 

30  E  •i2nd  St,  Yort-  t/  .r-  Pf-f.cipui  - 

In  Con  ado  Dofdnt  O*  »  '  -"la.-  »  L  'O  ,  T  ,  .  t 


SMALL  PARTS 


Filaments,  anodes,  supports, 
springs,  etc.  ior  electronic  tubes. 
Small  wire  and  flat  metal  formed 
ports  to  your  prints  for  your  as¬ 
semblies.  LUXON  fishing  tackle 
accessories,  double  pointed  pins, 
fine  size  wire  straightened. 
Inquiries  will  receive  prompt 
attention. 


ART  WIRE  AMD 
STAMPING  CO. 

227  High  St.  Newark  2,  N.  J. 
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SERVES 


THE  ELECTRONIC 


ROTOBRIDGE 


CML  1200 


CML  1100 


units  shown  has  been  designed  to 
perform  a  vitally  needed  service  for  manu-  ^ 
facturers  in  the  electronic  industry.  As  a  result,  they 
are  to  be  found  in  a  host  of  plants  —  in  laboratory  and 
on  the  production  line~-contributing  importantly  to 
the  efficiency  of  electronics. 


ROTOBRIDGE 
CML  1100... 
CML  1420... 
CML  1200... 
CML  1500... 


Mass  Production  Tester 
.Power  Supply  Units 
.Electronic  Generator 
.  Stroboscope 
.Megohm  Meter 
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1  CML 

1110  1 

•  - 

[  CML 

1420  J 

structures  made  from  eight  carloads 
of  Fiberglas  PF  insulating  l)oard 
sawed  into  wedges  and  covered  with 
muslin. 

The  wedges,  set  snugly  to^^pthpr 
and  each  turned  at  right  angles  to 
its  neighbor, •completely  cover  the 
walls,  ceiling,  floor,  and  doors,  a 
four-foot  track,  held  twelve  feet 
above  the  concrete  floor  by  cal)les, 
provides  access  to  the  chamber. 
Small  cars  carry  apparatus  into  the 
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CMM06  S« 


any 

L.  pf®* 

at. 


Interior  of  onechoic  chamber  has  appear¬ 
ance  of  room  lined  with  thousands  oi  sta¬ 
lagmites  and  stalactites.  Equipment-bearing 
cars  trorel  on  track  in  foregroimd 


chamber  on  this  track,  and  their  cov¬ 
ered  tops  provide  a  catwalk  into  the 
chamber.  Cars  usually  are  removed 
before  experiments  are  run  to  avoid 
sound  reflection  from  them,  and  the 
experiments  are  manipulated  from 
control  rooms  which  have  electrical 
and  telephone  connection  with  the 
air-conditioned  chamber. 

This  chamber  is  hailed  by  acousti¬ 
cal  engineers  as  being  the  finest  of 
its  kind  in  the  world,  and  will  con¬ 
tribute  to  substantial  advances  in 
the  field  of  acoustics  in  the  post-war 
period.  Already  it  has  been  used  by 
the  National  Bureau  of.  Standards 
to  calibrate  microphones  for  the  pre¬ 
cise  measurement  of  sound. 

The  density  of  the  Fiberglas  board 
and  the  dimensions  of  the  wedges 
are  critically  determined  once  the 
lowest  frequency  at  which  99  per¬ 
cent  or  better  absorption  is  decided 
on.  If  it  is  desired  to  sound-treat  a 
small  room,  shorter  wedges  will  be 
necessary,  with  a  resulting  decrease 
in  the  sound  absorption  at  low’  fre¬ 
quencies.  The  lowest  frequency  at 
which  99.5  percent  or  better  absorp¬ 
tion  can  be  obtained  is  that  for 
which  the  wedge  is  equal  in  length 
to  i  of  the  wavelength  of  the ’sound. 
When  shorter  wedges  are  used,  the 


Th«  WIPASLOW  lin*  IncIwdM 
Whconton*.  K*lvin.Vorl«y,  Mur¬ 
ray,  Limit  and  Ategohm  bridgos. 


The  WINSLOW  line  of  porteble  dec- 
tried  inetnunents  for  meaeuring  direct 
currente,  dtemating  currents,  resis¬ 
tance,  temperature,  speed,  vacuum  and 
insulation,  etc.,  are  attractively  housed, 
convenient  to  use.  All  are  ruggedly 
constructed  to  maintain  accuracy  un¬ 
der  severe  usage.  Specid  design  pre¬ 
cautions  are  incorporated  for  complete 
immunity  to  dust,  dirt  and  moisture. 
A  complete  line  of  rare  and  base  metd 
thermocouples  for  all  industrid  and 
laboratory  applications  is  induded  as 
well  as  all  accessories  .-switches,  leads 
and  meters.  Write  for  details  t<day— 
no  obligation  of  course. 


WINSLOW  magohmmatort  or* 
ovoilabl*  in  rongm  to  1000 
mogohmt  at  500  velH. 
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Dctcdl  oi  Fib«rqlai  wedges  used  in  onech- 
oic  chennber.  Each  wedge  is  45  inches 
long  and  8  inches  square  at  the  base,  and 
if  braced  by  heory  wire  running  under  its 
center  and  fastened  to  lengths  ol  sash 

chain  suspended  from  the  ceiling 

density  of  the  Fiberglas  board  must 
be  higher  and  the  airspace  behind 
the  wedges  must  be  decreased.  Charts 
have  been  prepared  by  the  Electro- 
Acoustic  Laboratory  from  which  the 
dimensions  and  densities  of  Fiber¬ 
glas  board  can  be  determined. 

Airplane  Sound  Effects 

In  another  unusual  room,  the  in¬ 
tense  roar  of  airplane  propellers  was 
produced.  Using  electronic  devices 
connected  with  amplifiers  and  loud¬ 
speakers,  the  noises  heard  in  an  air¬ 
plane  during  flight  could  be  faith¬ 
fully  reproduced.  The  walls  of  the 
room  are  lined  with  many  sections  of 
cylinders,  each  of  a  different  diam¬ 
eter  and  running  in  a  different  di¬ 
rection  on  each  wall.  A  battery  of 
loudspeakers  produced  the  sounds 
which  were  reflected  randomly  from 
the  cylinders,  thus  producing  an  in¬ 
tense  and  diffuse  sound  field  in  the 
room.  Microphones,  amplifiers  and 
headsets  for  use  in  airplanes  and 
amphibious  vehicles  (which  are  often 
noisier  than  airplanes)  were  tested 
in  this  intense  noise  field  before  be¬ 
ing  sent  to  the  Military  Services  for 
flight  testing. 

Better  Hearing  Aids 

The  most  recent  activity  of  the 
laboratory,  undertaken  when  it  be¬ 
came  obvious  that  the  war  would  be 
won  by  the  Allied  Nations,  was  the 
study  of  hearing  aids  for  servicemen 
who  had  been  deafened  in  battle.  Re¬ 
sults  of  this-  project  have  brought 
and  will  continue  to  bring  relief  to 
thousands  of  servicemen  whose  hear¬ 
ing  was  impaired  by  the  German 
88-mm  shell  and  the  Japanese  equiv¬ 
alent.  Almost  all  known  makes  of 
hearing  aids  have  been  submitted  to 
rigid  tests  and  their  characteristics 
have  been  ’  thoroughly  described  to 
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Interior  of  onechoic  chamber  has  appear- 
once  of  room  lined  with  thousands  oi  sto- 
laqmites  and  stalactites.  Equipment-bearinq 
cars  trorel  on  track  in  foreground 


structures  made  from  eight  carloads 
of  Fiberglas  PF  insulating  board 
sawed  into  wedges  and  covered  with 
muslin. 

The  wedges,  set  snugly  tn^othpr 
and  each  turned  at  right  angles  to 
its  neighbor, •completely  cover  the 
walls,  ceiling,  floor,  and  doors.  A 
four-foot  track,  held  twelve  feet 
above  the  concrete  floor  by  cables, 
provides  access  to  the  chamber. 
Small  cars  carry  apparatus  into  the 


chamber  on  this  track,  and  their  cov¬ 
ered  tops  provide  a  catwalk  into  the 
chamber.  Cars  usually  are  removed 
before  experiments  are  run  to  avoid 
sound  reflection  from  them,  and  the 
experiments  are  manipulated  from 
control  rooms  which  have  electrical 
and  telephone  connection  with  the 
air-conditioned  chamber. 

This  chamber  is  hailed  by  acousti¬ 
cal  engineers  as  being  the  finest  of 
its  kind  in  the  world,  and  will  con¬ 
tribute  to  substantial  advances  in 
the  field  of  acoustics  in  the  post-war 
period.  Already  it  has  been  used  by 
the  National  Bureau  of.  Standards 
to  calibrate  microphones  for  the  pre¬ 
cise  measurement  of  sound. 

The  density  of  the  Fiberglas  board 
and  the  dimensions  of  the  wedges 
are  critically  determined  once  the 
lowest  frequency  at  which  99  per¬ 
cent  or  better  absorption  is  decided 
on.  If  it  is  desired  to  sound-treat  a 
small  room,  shorter  wedges  will  be 
necessary,  with  a  resulting  decrease 
in  the  sound  absorption  at  low’  fre¬ 
quencies.  The  lowest  frequency  at 
which  99.5  percent  or  better  absorp¬ 
tion  can  be  obtained  is  that  for 
which  the  wedge  is  equal  in  length 
to  i  of  the  wavelength  of  the 'sound. 
When  shorter  wedges  are  used,  the 
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tance,  temperature,  speed,  vacuum  and 
insulation,  etc.,  are  attractively  housed, 
convenient  to  use.  All  are  ruggedly 
constructed  to  maintain  accuracy  un¬ 
der  severe  usage.  Special  design  pre¬ 
cautions  arc  incorporated  for  complete 
immunity  to  dust,  dirt  and  moisture. 
A  complete  line  of  rare  and  base  metal 
thermocouples  for  all  industrial  and 
laboratory  applications  is  included  as 
well  as  all  accessories  .  switches,  leads 
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Detail  oi  Fibarglas  wedges  used  in  anech- 
oic  chamber.  Each  wedge  is  4S  inches 
long  and  8  inches  square  at  the  base,  and 
is  braced  by  heory  wire  running  under  its 
center  and  fastened  to  lengths  of  sash 

chain  suspended  from  the  ceiling 

density  of  the  Fiberglas  board  must 
be  higher  and  the  airspace  behind 
the  wedges  must  be  decreased.  Charts 
have  been  prepared  by  the  Electro- 
Acoustic  Laboratory  from  which  the 
dimensions  and  densities  of  Fiber- 
glas  board  can  be  determined. 

Airplane  Sound  Effects 

In  another  unusual  room,  the  in¬ 
tense  roar  of  airplane  propellers  was 
produced.  Using  electronic  devices 
connected  with  amplifiers  and  loud¬ 
speakers,  the  noises  heard  in  an  air¬ 
plane  during  flight  could  be  faith¬ 
fully  reproduced.  The  walls  of  the 
room  are  lined  with  many  sections  of 
cylinders,  each  of  a  different  diam¬ 
eter  and  running  in  a  different  di¬ 
rection  on  each  wall.  A  battery  of 
loudspeakers  produced  the  sounds 
which  were  reflected  randomly  from 
the  cylinders,  thus  producing  an  in¬ 
tense  and  diffuse  sound  field  in  the 
room.  Microphones,  amplifiers  and 
headsets  for  use  in  airplanes  and 
amphibious  vehicles  (which  are  often 
noisier  than  airplanes)  were  tested 
in  this  intense  noise  field  before  be¬ 
ing  sent  to  the  Military  Services  for 
flight  testing. 

/ 

Better  Hearing  Aids 

The  most  recent  activity  of  the 
laboratory,  undertaken  when  it  be¬ 
came  obvious  that  the  war  would  be 
won  by  the  Allied  Nations,  was  the 
study  of  hearing  aids  for  servicemen 
who  had  been  deafened  in  battle.  Re¬ 
sults  of  this  project  have  brought 
and  will  continue  to  bring  relief  to 
thousands  of  servicemen  whose  hear¬ 
ing  was  impaired  by  the  German 
88-mm  shell  and  the  Japanese  equiv¬ 
alent.  Almost  all  known  makes  of 
hearing  aids  have  been  submitted  to 
rigid  tests  and  their  characteristics 
have  been '  thoroughly  described  to 
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NEW  SOLDERING  GUN 


THE  SPEED  IRON 
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Soidt^in^  Ot  5  SteoHicU 


Wh«*T«  yon  kavn  a  soldorod  Joint  in  radio.  Joint.  Tho  coppnr  loop  aoldoring  tip  pormiU 
or  oloctronic  ropair  and  Mrric*  working  in  tight  apote.  Tho  hoot  U  producwl 

***•  curront  Qowing  through  tho 

ond  bottor.  aoldoring  tip — pormitting  diroct  and 

Tho  tranoformor  prineipU  givoa  high  hoat—  -oldorod  connoction. 

.  — gondo— yon  proM  tho  trigger  U  yon  want  to  aavo  timo  on  aoldoring  Joba 
C^naonlont  to  hold  with  a  piatol  grip  with  a  tool  that  ia  ready  to  noo  in  5  — ~>niHa 
budte.  tho  mmpact  dimonaiona  of  this  now  got  o  Speed  Iron  today.  See  yonr  radio  porta 
aoldoring  tool  permit  yon  to  got  cloaa  to  tho  diatribntor  or  write  direct. 

*IM.  Bog  U.  S.  Pat.  Off. 

WELLER  MFG.  CO. 

515  NORTHAMPTON  STREET.  EASTON.  PA. 
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ROBINSON  VIBRASHOCK*  UNIT  MOUNTS 
NO  OTHER  UNIT  TYPE  SHOCK  MOUNT 
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1.  StiUiss  stNl  sprigs  Witt  ttm-ffiT 
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Vibroshock  is  omozinglyofFoctivo  and  surprisingly 
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ROBINSON  AVIATION,  INC. 

Totorboro  Air  Terminal.  Dept.  E3 
•tndaanifc  Teterboro,  New  Jeroey 
^737  WILSHIRS  M.VD..  LOS  ANGELES  5.  CAUFORNM 


FOR  TELEVISION, 
ELECTRONIC,  OPTICAL, 
and  SaENTIRC  APPARATUS 

Front  or  Roar  Sorloco  Mirrors  and  Ro* 
floctors  mod*  to  your  spocifieotioos. 

Closost  optical  and  dimonsional  toUr- 
onces  obsorvod. 

•  aopnoNAL  tmEcnviTY 

•  will  MOT  TAINISH 

•  OPAQUE  OR  SEM-TRANSPAKNT 

•  HEAT  RESISTANT 

•  PROMPT  SERVICE 

V^e  invito,  your  inquirios.  Somplos  and 
quotations  will  bo  submittod  promptly. 

Let  Zenith  help  solve  your  Mirror  and  Reflector  proWemsf 


SPEOAUSTS  IN 
VACUUM  DEPOSITION 


123  WEST  64»h  STREET 
NEW  YORK  23.  N.  Y. 


FOR 

TEST  INSTRUMENTS 

BURGESS 

BATTERIES 
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the  military  in  classified  reports. 

In  addition,  the  laboratory  devel¬ 
oped  special  headsets  and  handsets 
for  use  by  Marines  and  Commandos. 
An  entirely  new  communication  sys¬ 
tem  for  use  by  divers  was  developed. 
Studies  on  wire  recorders  and  on 
special  units  for  use  aboard  ships 
of  the  U.  S.  Navy  were  completed.  In 
due  course  of  time,  all  of  these  de¬ 
velopments  will  be  made  available 
for  uses  other  than  military. 

MEETINGS  TO  COME 

March  7-9;  Optical  Society  of 
America;  Winter  meeting;  Hotel 
Statler,  Cleveland,  Ohio.  For  Pro¬ 
gram,  write  A.  C.  Hardy,  Sec.,  Opti¬ 
cal  Society  of  America,  Mass.  Inst, 
of  Technology,  Cambridge  39,  Mass. 

March  13;  American  Institute  of 
Electrical  Engineers;  Non-Lin¬ 
earity  in  Servomechanisms,  by  Dr. 
L.  A.  MacColl,  Bell  Telephone  Labor¬ 
atories;  301  Pupin  Hall,  Columbia 
University,  7  p.m. 

March  18-23;  Broadcast  Engineer¬ 
ing  Conference;  developments  since 
1942  in  broadcast  engineering, 
including  f-m  and  television ;  di¬ 
rected  by  Dr.  W.  L.  Everitt,  head. 
Department  of  Electrical  Engineer¬ 
ing,  University  of  Illinois,  Urbana, 
Ill.,  who  requests  addresses  of  those 
interested  so  they  can  be  kept  in¬ 
formed  on  the  program  details. 

March  27-30;  American  Associa¬ 
tion  FOR  the  Advancement  of 
Science;  Annual  Meeting;  St.  Louis, 
Missouri.  H.  A.  Meyerhoff,  Exec. 
Secretary,  Smithsonian  Institution 
Bldg.,  Washington  25,  D.  C. 

April  10;  AIEE;  Applications  of 
Servomechanisms,  by  S.  J.  Mikina, 
Westinghouse  Electric  Corp.  Re¬ 
search  Laboratories;  7  p.m.  same 
place  as  March  13  meeting. 

April  25-30;  International  Light¬ 
ing  Exposition  ;  Stevens  Hotel, 
Chicago. 

May  13-16;  Radio  Parts  and  Elec¬ 
tronic  Equipment  Trade  Show; 
Stevens  Hotel,  Chicago.  Inquiries  to 
221  N.  LaSalle  St.,  Chicago,  Ill. 

May  15-17;  New  England  Elec¬ 
trical  Trade  Show;  Exhibition 
Hall,  Boston,  Mass. 

May  20-25;  National  Maritime  Ex¬ 
position  ;  Grand  Central  Palace,  New 


in  FULLY  MOUNTED 

TRANSFORMERS 


Five  newly-developed  vertical  shields,  accommodating 
core  stacks  with  to  center  legs,  now  make  it 
possible  for  Chicago  Transformer  to  fully-mount  both  small 
and  large  transformers  with  uniformity. 

Now,  in  radio'  chassis  and  similar  applications,  both 
small  and  large  units  can  be  vertically-mounted  with  stand¬ 
ardized  assembly  techniques  — with  uniform  appearance 
in  the  finished  product. 

Adaptable  to  many  variations,  Chicago  Transformer’s 
complete  line  of  vertical  shields  allows  for  either  screw 
or  twist-lug  mountings  and  for  lead  exits  through  either 
sides  or  bottoms  of  the  shields. 


CHICAGO  TRANSFORMER 

DIVISION  Of  ESSEX  WIRE  CORPORATION 

35  01  WEST  ADDISON  STREET 
CHICAGO.  18 

«a«M 


I 


1 

1 
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10  K  W  power  plant 
o%  illustrated  lmmedi> 
ate  delivery 

$1100 

FOB  Los  Angeles 


for  Your  Jo 


.  .  .  BUILT  IN  FIVE  SIZES, 
ranging  from  3  K.  W.  to  15  K.  W., 
'these  portable  electric  power  plants 
are  manufactured  to  give  dependable 
service  under  the  most  rugged  con¬ 
ditions.  Write  today  for  specifications. 


dealers  Som*  profitable  fran> 
...  _  V  »  ■  chitot  still  ovoiloblo. 

WANTED!  ^ 

Write  or  wire 


Pioneer  Electric  Co. 


3700  East  Olympic  Boulevard 
Los  Angeles  23,  California 


PERMANENT  MAGNETS 

All  Shap«s — All  Sizes— for  All  Perpeses 

COBAIT-CHROME-TUNGSTEN 

Stumped,  formed  and  cast 

Ainico  fCesf  or  Sfotorocfl 
Also: ‘Laminations  for  Radio  Transformers 
TOOLS-DIES-STAMPINGS 

Heal  Treating  ef  Metals  anil  Allays 

THOMAS  A  SKINNER 

111«  EAST  23RD  STREET  e  INDIANAPOLIS  S,  INDIANA  * 


HYDROGEN 
NITROGEN-OXYGEN 


ARGON . neon 
HELIUM.  KRYPTON 
XENON 


COMPLETE 
GAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 
OPERATION  .  .  . 


FORMING  MIXTUBES 
CARBON  DIOXIDE 
ACETYLENE 

nGHEST  CNIAUniS  •  AMT  QUAMTITT 
DUIVniD  ANTWHEU 


MOICiW  EAS  &  CEEHICAI  CO. 

HARRIS^,  NKW  lEllSIT  •  Coolieeled  Cwplefe  Service  oa  All  Geaes 


instrument 
housings 
PANELS  *  CHASSIS 


For  RADIO, 
ELiaRONK, 
&  ElEaRKAl 

"  PROOUnS 

• 

I  STAMPINGS, 

1M  ALL  METALS 

h  • 

^  Abo  Stomped 
Automotive 
^  Products 


A  complete  manufacturing  service:  Fabricating, 
Stamping,  Screw  Machine  Wark,  Assambling. 

Precision  work,  experieiKecI  fabrication,  depend¬ 
able  service  .  .  .  Send  Specifications  for  Estimatas. 


STAMFORD  METAL 

SPECIALTY  COMPANY 

42  8  BROADWAY,  NEW  YORK  13 


/ - \ 

Solves  the  Prohlem  of 

Mailing  List  Maintenance 


Probably  no  ethor  ergenisetlen  Is  as 
wall  aauippad  ai  McGraw-Hill  to 
solva  tha  complicatad  problam  of 
list  maintanance  during  tMs  parlod 
ef  unparallalad  changa  In  inoustrial 
personnal. 

McGraw-Hill  Mailing  Lists  covar 
most  major  Industrias.  ^ay  ara  com- 
pilad  from  axcluslva  sourcas,  and  ara 
basad  on  hundrads  of  thousands  of 
mall  quastlonnairas  and  tha  raports 
of  a  nation-wlda  fiald  staff.  All  namas 
are  guaranteed  eccurete  wtthin  2%. 

When  planning  your  direct  mell 
edvortising  and  salas  promotion,  con- 
sidor  this  unique  and  oconemical  sarv- 
Ice  in  ralation  to  your  product.  Dotalli 
on  request. 


I  MeGraw-Hill  PHblithiig  Co.,  lie. 

I  DIRECT  MAIL  DIVISION 

I  330  West  42nd  St.,  Now  York.  18,  N.  Y. 

V _ ZZ _ J 
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York  City.  Inquiries  to  headquarters 
at  17  Battery  Place,  New  York,  N.  Y. 


BUSINESS  NEWS 

Claude  Neon  Lights,  Inc.,  New 
York  City,  has  acquired  Reeves-Ely 
Laboratories,  Inc.  and  its  subsidi- 
aries — American  Transformer  Co., 
Hudson  American  Corp.,  Waring 
Products  Corp.,  and  The  Winsted 
Hardware  Mfg.  Co. 

% 

General  Electric  Co.  is  planning  a 
$10,000,000  administration  building 
for  its  Electronics  Park  development 
outside  Syracuse,  N.  Y.,  to  house  the 
main  manufacturing  units  of  the 


PRECISION 
METAL  SHIELDED  WIRE 


THE  ULTIMATE  IN 
PERFECT  SHIELDING  AND 
COAXIAL  CIRCUIT  COMPONENTS 


Archlt«cU'  ik^tch  oi|Propoi«d  main  manu- 
iacturinq  plant  lot  Electronics  Pork 


G-E  Electronics  Department.  Floor 
area  will  be  in  excess  of  one  million 
square  feet.  Completion  in  1946  is 
dependent  upon  early  improvement 
in  materials  and  labor  difficulties. 

Sylvanu  Electric  Products  Inc. 
has  acquired  Wabash  Appliance 
Corp.,  manufacturer  of  photodash 
and  incandescent  lamps,  and  will 
operate  the  plant  independently  as 
a  Sylvania  subsidiary. 

Press  Wireless  Mfg.  Corp.  has 
moved  its  engineering  personnel  into 
new  quarters  at  35th  Ave.  and  38th 
St.,  Long  Island  City. 

Allied  Control  Co.,  Inc.,  New  York 
City,  has  acquired  B.  F.  Miller  Co., 
Trenton,  N,  J.  Plans  call  for  con¬ 
tinued  enlargement  and  improvement 
of  transformer  manufacturing  facil¬ 
ities,  with  B.  F.  Miller  remaining' as 
executive  vice  president  and  general 
manager. 

Philco  Products  Incorporated  is 
the  new  name  of  Philco  Radio  &  Tele¬ 
vision  Corp.,  wholly-owned  distrib¬ 
uting  subsidiary  of  Philco  Corp. 

The  Asoo  Corporation,  Cleveland, 
Ohio,  has  been  organized  to  manu¬ 
facture  radio,  television,  electronic, 
electrical,  and  mechanical  compon¬ 
ents,  with  John  Altmayer  as  presi- 


Better  because  it  Is  Shielded  with 

Seamless  Metal  Tubing 


QUALITY  PERFORMANCE  ' 

Precision  metal  shielded  wire  is  especially  suited 
for  closely  coupled  air  core  transformers,  shielded 
grid,  filament,  and  antenna  leads,  and  wherever 
low-loss  transmission  is  required. 

VARIETY 

A  single  inner  conductor  or  nundser  of  conduc¬ 
tors  can  be  shielded  with  seamless  copper,  brass, 
aluminum,  or  nickel  tubing,  plated  if  desired,  in 
random  or  cut  lengths,  or  formed  to  customers’ 
specifications.  Outside  diameters  range  from 
0.018"  to  0.375",  with  any  desired  wall  thickness. 

STABILITY 

Formed  parts  are  self-supporting.  This  simpli¬ 
fies  assembly  and  enhances  appearance.  Rapid 
changes  in  barometric  pressure,  temperature,  and 
humidity  do  not  cause  injurious  moisture  con¬ 
densation.  Dirt  is  excluded.  Since  tube  is  seam¬ 
less  and  dielectric  is  continuous,  conductor  and 
shield  remain  coaxial  even  when  formed  into 
coils  or  other  intricate  components. 

EASY  TO  HANDLE 

Tubing  is  easily  stripped  and  formed  right  on 
the  job,  or  can  be  furnished  cut  to  exact  length, 
stripped  and  formed,  ready  for  instant  applica¬ 
tion. 

PRECISION  METAL  SHIELDED  WIRE  offers  many  advan¬ 
tages.  It  is  an  absolute  method  of  shielding  in¬ 
sulated  wire  or  wires  with  seamless  aluminum, 
copper,  brass,  or  nickel  tubing  to  provide  the 
most  perfect  shielding  yet  devised  against  elec¬ 
trical  interference,  noise,  moisture,  or  m^han- 
ical  damage.  As  a  coaxial  line,  it  provides  low 
loss  over  a  range  of  frequencies  and  uniform 
capacity.  Unlimited  combinations  of  desirable 
electric^  characteristics  are  available  to  meet 
your  most  exacting  requirements. 


We  will  be  glad  to  cooperate  on  engineering  problems.  Write  for  further 

information. 


PRECISION  TUBE  COMPANY 

3826  Terrace  Street,  Philadelphia  28,  Pa. 
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For  advrfhing  and 
book  rates,  calf  your 


agency  or  write  .  .  . 


A  DIRECTORY  OF  AMERICAN  INDUSTRY 


29  E.  HURON  ST.  CHICAGO  11,  ILL. 


T 


A  fine-cut  diamond  is  perfection  in  beauty  and 
formation.  But  to  you  as  a  transformer-user, 
perfection  lies  in  performance,  day  in,  day 
out,  under  the  exacting  conditions  of  your 
particular  application. 

Finest  engineering  talent  and  most  com¬ 
plete  electronic  laboratories  are  ready  to 
consult  with  and  help  you  with  your  problem— 
and  to  design  and  produce  the  transformer 
that  will  give  you  perfection  in  performance. 


'SPECIALIZED 


3223-9  W.  ARMITAGE  \  AVENUE  •  CHICAGO  47,  ILLINOIS 


dent.  A.  R.  Keskinen,  formerly  with 
Bendix  Radio,  has  beei\  employed 
a  project  engineer. 

Westinghouse  Electric  Corf  win 
concentrate  the  activities  of  its  In¬ 
dustrial  Electronics  and  X-Ray  Di¬ 
visions,  now  scattered  among  six 
locations  in  Baltimore  and  vicinity, 
in  two  plants.  The  X-Ray  Division 
gets  the  entire  Wilkens  Ave.  plant 
in  Baltimore,  and  all  Industrial  Elec¬ 
tronics  '  work  will  be  centered  at 
Lansdowne. 

Canadian  Research  Institute  re¬ 
cently  acquired  new  premises  in  To¬ 
ronto  that  more  than  double  its  labo¬ 
ratory  space.  Production  of  a  wide 
line  of  radio  service  equipment  and 
laboratory  apparatus  is  scheduled  for 
the  near  future. 

RCA  has  granted  to  RKO-Pathe,  Inc. 
a  license  to  record  and  distribute 
sound  motion  pictures  for  use  in  tele¬ 
vision  broadcasting.  The  arrange¬ 
ment  is  expected  to  stimulate  produc¬ 
tion  of  sound  films  for  television. 

JOLONIAL  Radio  Corp.,  Buffalo,  N.  Y., 
has  obtained  a  building  permit  for 
a  $225,000  assembly  plant  at  River¬ 
side,  Calif.  The  main  building  is  to 
be  190  by  280  ft  and  will  house  about 
200  workers.  Parts  are  to  be  fed  to 
the  unit  from  Buffalo  while  com¬ 
pleted  radio  receivers  will  be  mer¬ 
chandised  on  the  Pacific  Coast  by 
Seafs  Roebuck  outlets. 

Phillips  Control  Co.  of  Chicago  has 
acquired  the  design,  manufacturing, 
and  selling  rights  for  relays  formerly 
made  by  G-M  Laboratories  Inc.,  Chi¬ 
cago.  In  the  future  the  line  of  relays 
will  carry  the  trade  name  “Phil-trol’'. 


PERSONNEL 

Ralph  A.  Powers,  formerly  with 
Bundy  Tubihg  Co.  of  Detroit,  has 
been  named  to  succeed  J.  M.  Cage 
as  engineer  in  charge  of  electronic 
engineering  at  Allis-Chalmers  Mfg. 
Co.  Among  his  inventions  are  the 
electronically  controlled  camera  used 
in  making  photo-finish  pictures  at 
race  tracks,  as  well  as  many  photo¬ 
electric  measuring,  sorting,  and 
grading  units. 

Carl  F.  Frische,  chief  research  di¬ 
rector  of  Sperry  Gyroscope  Co.,  has 
been  elected  vice-president  for  engi¬ 
neering.  His  wartime  contributions 
to  aviation  at  Sperry  included  de- 
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QuidiiH' 


MANUFAaURERS  OF  RADIO 
HARDWARE  ANTENNAS 

fiU9  a 

COMPLETE  LINE  of 

WIRES,  CABLES  _ 

W  HOOK  UP  X  J 

WIRES  /  M\ 

jkauMts  ( ( 

Jhime4f  V 


in  ITlTif 

itein 


BIRNBACH  RADIO  CO.,  Inc. 

14i  HUDSON  ST  NIW  YORK  13,  N  Y 


'CRANKLESS 
MODEL  C-2  MEGOHMER 
INSULATION  TESTER 


TtsI  Potenfial  to  600  Volts  DC.  Ranges  to 
1000  megohms  with  two  or  three  additional 
ohm  ranges  in  each  instrument.  Long  mirror 
scales,  hand  drawn,  individually  calibrated, 
with  more  scale  divisions  for  superior  read* 
obiKty  and  split  hair  accuracy.  Automatically 
decreasing  test  potential  protects  equipment 
of  low  resistance  value. 

Truly  a  Precision  tnsfrumenf 

WRITE  FOR  BULLETIN  445 


HERMAN 


27  PARK  PIACE 


COMPANY,  INC. 

Ntw  yo»K  N.  > 


WALKER-TURNER 

FLEXIBLE  SHAFTING 

—designed  for  long  life 

#  In  design,  selection  of  materials  and  construction, 
the  primary  objective  of  Walker-Turner  Flexible  Shaft¬ 
ing  is  long  and  trouble-free  service.  The  photograph 
illustrates  an  important  W-T  development  in  this  direc¬ 
tion — our  special  phosphor  bronze  bearing  liner.  This 
bearing  liner  fits  over  the  flexible  shaft,  minimizing 
vibration,  distributing  lubrication  and  keeping  shaft 
cool  while  operating  at  high  speeds. 

WALKER-TURNER  COMPANY.  INC.  ^ 

PLAINFIELD,  NEW  JERSEY 


FLEXIBLE  SHAFTING 

FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


Draftsman  Wanted 


Also 


Designer,  Detailer, 
Tracer  and  Engineer 


We  are  one  of  the  largest  manufacturers  of  a  wide  variety 
of  communication  and  electronic  equipment  in  the  world, 
fully  prepared  and  ready  to  go  ahead  with  a  very  ambitious, 
expansion  program  as  quickly  as  we  are  permitted.  There 
will  be  unlimited  possibilities  for  creative,  ambitious  men  to 
advance  to  key  positions  both  in  research  development  and 
production  held. 

Good  Starting  Salaries 

Exceptionally  fine  working  conditions 
Apply:  Personnel  Office,  8  A.  M.  to  5  P.  M. 

Federal  Telephone  &  Radio  Corp 

the  Mfg.  unit  of  the  International  Tel.  &  Tel.  Corp. 

591  BROAD  ST.,  NEWARK,  N.  J. 
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SQUARE-WAVE  GENERATOR 


velopment  of  automatic  pilots,  bomb 
sights,  and  an  instrument  landing 
system. 


MOVE  AIR  - 15  to  260  cubic  feet  a  minute 


There  is  a  light,  compact,  highly  efficient  L-R 
Blower  giving  you  maximum  heat  dispersion  under 
all  climatic  or  temperature  conditions.  Each  of  these 


blowers  require  minimum  space  and  produces  maxi' 
mum  C.F.M.  Specifications  are  listed  below  so  that 
you  may  choose  the  size  best  suited  to  your  needs. 


E.  Finley  Carter  becomes  vice- 
president  in  charge  of  engineering 
at  Sylvania  Electric  Products  Inc. 
following  the  resignation  of  Roger 
M.  Wise. 

David  B.  Smith  has  been  appointed 
vice-president  in  charge  of  engineer¬ 
ing  of  Philco  Corporation.  As  di¬ 
rector  of  research  since  1941  he 
supervised  the  fundamental  micro- 
wave  and  uhf  research  that  led  to 
production  of  Philco  airborne  radar 
used  by  the  Army  and  Navy. 


MODEL  1 Weight  (without  motor)  ....  2)^  ounces 
Output;  15  C.F.M.  at  8000  R.P.M,  Height  3" 

MODEL  2.  Weight  (without  motor) . 5  ounces 

Output:  25  C.F.M.  at  8000  R.P.M.  Height 

MODEL  2.'^,  (illustrated)  Weight  (without  motor)  5)^  ounces 
Output;  50  C.F.M.  at  8000  R.P.M.  Height  4^" 

MODEL  3,  Weight  (without  motor)  .  .  .  .  12.V$  ounces 
Output:  260  C.F.M.  at  8000  R.P.M.  Height  6H" 

All  models  have  light-weight,  high-impact  plastic  housing,  turbo  type  wheels  and  are  made  with  either 

clockwise  or  counter  clockwise  rotation. 


over-all 

performoiice 


D.  B.  Sndth 


Leonard  F.  Cramer,  vice-president 
and  a  director  of  Allen  B.  DuMont 
Laboratories,  has  been  appointed  di¬ 
rector  of  the  company’s  newly  estab¬ 
lished  Television  Broadcasting  Divi¬ 
sion. 

Frederick  R.  Lack,  vice  president 
and  manager  of  the  Radio  Division 
of  Western  Electric  Co.  Inc.  was 
elected  vice-president  of  the  Ameri¬ 
can  Standards  Association,  having 
been  nominated  for  this  position  by 
IRE. 

Mean:  Brunet  received  a  promotion 
from  RCA  Victor  Division  in  Cam¬ 
den,  to  vice-president  in  charge  of 
the  Engineering  Products  Depart¬ 
ment. 

Philip  Sporn,  executive  vice-presi- 


#  This  unit,  generating  its  own 
frequency  or  synchronize  from  an 
external  source,  will  be  found  in¬ 
valuable  in  many  fields.  FM,  AM 
and  Television  Broadcasting — 
Telephone  and  Telegraph  Commu¬ 
nications — Manufactiire  of  Trans¬ 
mitting  and  Receiving  Equipment 
and  Piuts. 


#  Many  additional  fimctions  will 
recommend  it  fix*  use  in  school  and 
cdlege  research  projects  and  in 
scientific  laboratories. 


For  additional  information  write: 
Electronica  Depar  tment , 
General  Electric  Company j 
Syracuae,  New  York. 


GENERAL 


ELECTRIC 
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TERMimALS 

I  FOR 

ELEmiC  WIRES 

Condenser  Plates 
Small  Metal  Stampings 
in  accordance  with 

Customer's  Prints 

>#### 

•  ACCURACY 

•  PRECISION 

•  REASONABLE 
DIE  CHARGES 

Modern  Equipment 
and  Factory 

NO  SCREW  MACHINE  PARTS 

Patton-MacGuyer 

Company 

17  VIRGINIA  AVE. 

PROVIDENCE,  R.  I. 


HARRIS 

SHOCK  MOUNTS 


Bonde*^  o’" 


TORFLEX  BER*'"®* 


CONTROL  VIBRATION 
ELIMINATE  SHOCK  &  NOISE 

HARRIS  PRODUCTS 

COMPANY 

5106  Cowan  Ave.  •  Cleveland  4,  Ohio 
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Specializing  in  the  production  of  highest 
quality  Alnico  Magnets  in  all  grades 
incluaing  new  triple  strength  No.  5. 

Production  material  checked  to  assure 
highest  uniform  quality  of  product. 

Castings  made  to  customer's  special 
order  on  the  basis  of  sketches  or  blue 
prints  furnished. 

Information  and  suggestions  furnished 
on  request. 


MANUIACTUREIS  01  HIGH  COIICIVE  MAGNETIC  AllOYS 


MAGNETIC  CORPORAfKfN 


2126E.  FORTSTREET 

DETROIT  7,  MICHIGAN 


resistors 


THE  MOST 
WIDELY  ACCEPTED  PRECISION 
RESISTOR  IN  THE  WORLD' 

MEPCO 

••TRU-TOLERANCE" 


YOUR 


CoKtnts:  TRU  TOLERANCE  WOUND  RESISTORS 

(fr«cnioii — H«rm*ticaNy  S«oWd  —  fow«f ) 

I.F.  and  R.F.  TRANSFORMERS  and  CHOKES  •  TRIMMER  CONDENSERS 
LOOP  ANTENNAE  •  ELECTRONIC  EQUIPMENT _ 

I  MADISON  UECniCU  HtODUnS  COM 


MADISON  ELECTtICAL  PtODUaS  CORPORATION 

74  IMa  St.  HaatM,  N.  J 

I’i  lika  a  ctav  af  yaaf  at*  (ataiaa 
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The  VX  Series 

of  sub-miniafure  vacuum 
tubes  provide  an  expand¬ 
ing  scope  of  opportunity 
for  new  and  finer  instru¬ 
mentation. 

Selected  by  the  Manhattan 
Project  for  use  in  their 
exacting  physical  instru- 


ments. 


Among  the  “firsts”  which 
VX  tubes  have  contributed 
to  sub-miniature  tube  de¬ 
velopment  are  —  filament 
operation  at  10  milli- 
amperes  and  grid  resist¬ 
ance  of  ohms  or 

greater.  Each  tube  indi¬ 
vidually  tested — all  char¬ 
acteristics  comply  with 
rigid  standards. 
Especially  adapted  for 
electrometer  applications, 
vacuum  tube  voltmeters, 
meters,  measuring  and 
testing  instruments  and 
fine  instrumentation  gen¬ 
erally. 

Available  as: 

Tetrodes 

Triodes 

Diodes 


Hi-M«g  resistors  especially  de¬ 
signed  for  applications  where  low 
operating  currents  necessitate  ex¬ 
tremely  high  resistances  of  great 
stability. 


1,000,000  Megohms 


Actual  size 


I  Vacuum  sealed  in  glass — low  tern- 

perature  and  voltage  coefficients.  H 
Write  for  technical  data  on_  VX 
tubes  and  resistors.  H 

THE  VKTOREEN  INSTRUMENT  CO. 
5806  HOUGH  AVENUE 
CLEVELAND  3,  OHIO 


dent  of  American  Gas  &  Electric 
Service  Corp.,  was  awarded  the  Edi¬ 
son  Medal  for  1945  by  the  AIEE 
“for  his  contributions  to  the  art  of 
economical  and  dependable  power 
generation  and  transmission”. 
Among  his  patents  is  one  on  high¬ 
speed  carrier-current  relaying  for 
high-voltage  transmission  lines. 

■  L.  W.  Teegarden  has  been  made 
vice-president  in  charge  of  the  RCA 
Tube  Department. 

C.  P.  Sweeny  has  returned  to  the 
NBC  Engineering  Department  and 
is  now  on  the  technical  staff  of  the 
television  transmitter  in  the  Empire 
State  Building,  after  four  years  with 
the  Navy. 

Walter  Widlar  has  been  appointed 
general  manager  of  the  Mec-Rad 
Division  of  Black  Industries,  Cleve¬ 
land,  Ohio.  For  10  years  he  was 
relay  facilities  engineer  for  The 
WGAR  Broadcasting  Co.  in  Cleve¬ 
land,  and  since  1942  has  been  work¬ 
ing  on  the  sonobuoy  and  other  war¬ 
time  electronic  developments  at  the 
Columbia  University  Division  of 
War  Research. 


H.  V.  NielMn 


Harold  V.  Nielsen  has  been  ap¬ 
pointed  chief  engineer  of  United 
States  Television  Mfg.  Corp.,  New 
York,  in  charge  of  all  radio,  tele¬ 
vision,  and  special  product  design 
and  production.  He  was  formerly 
with  Sparks-Withington  Co. 

G.  Robt.  Mezger  is  back  with  Allen 
B.  DuMont  Laboratories,  Inc.  of 
Passaic,  N.  J.  after  4i  years  of  ac¬ 
tive  service  in  the  U.  S.  Navy.  He 
was  assigned  for  a  time  to  the  Elec¬ 
tronics  Section  of  the  David  Taylor 
Model  Basin  in  Washington. 

John  M.  Cage  has  been  appointed 
manager  of  the  Industrial  Electron¬ 
ics  Division  of  Raytheon  Mfg.  Co., 
Waltham,  Mass. 

George  D.  Rice  advances  to  become 


"Where  can  I  obtain  quality  elec¬ 
tronic  components?  When  can  I 
get  delivery?" 

We  can  solve  those  problems  for 
you  today.  Just  as  we  have  been 
solving  them  for  New  England 
manufacturers  and  Jobbers  for  21 
years! 

Our  organization  represents 
leading  manufacturers  of  basic 
electronic  components  —  depend¬ 
able  sources  of  supply  who  have 
built  their  reputations  by  meeting 
strictest  specifications  and  prom¬ 
ised  delivery  schedules. 

Before  and  during  the  war,  as 
now,  the  concerns  we  represent 
geared  their  production  methods  to 
serve  the  best  interests  of  their 
customers.  Take  advantage  of  our 
fast,  efficient  service  to  keep  your 
production  rolling  in  high! 

HENRY  P.  SEGEL  CO. 

Manufoeturers  Representatives 
Field  Engineers 

143  Newbury  Street 
Boston  }6,  Moss. 

Tel.:  KENmore  3012— «333—f 755 

Brasch  OfHee  is 
Hartford,  Cossecticut 

Serving  monufpcfufit,  jobbers,  schools 
and  laboratories  in  Nvw  England 


W.  Widlar 
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F.  W.  STEWART  MFC.  CORE 

4311-13  RAVENSWOOD  AVE 
CHICAGO  13  ILL. 

WtST  COAST  BRANCH 


The  Quadriga  Manufacturing  Co. 

Incorporatrd  t  9  d 

WASHERS  &  SMALL  METAL  STAMPINGS 
221A  West  Grand  Ave.  •  Chicago  10,  Illinois 


Illinois 

CONDENSER  COMPANY 

1160  N.  HOWE  ST.  •  CHICAGO  10,  HI. 


N  J  R  R  AVE  AT  OLIVER  ST 


NEWARK  5  N  J 


PRECIOUS  /METALS  SINCE  1875 


Sorensen 


corner 
'  new 


**ontrol 


^jrPlam 


For  A  Tough  Job 


Where  other  types  of  Stabilizers  can’t  meet  the  specs 

Where  you  need  an  A.C  Regulator  not  affected  by  variations 
in  frequency,  power  factor,  load 

Where  the  output  wave  form  must  not  be  altered 

Where  extreme  accuracy  of  regulation  is  required — better 
than  M% 

Various  models  available  25  to  15,000  V.A. 


SORENSEN  and  COMPANY 


INCORPORATED 

STAMFORD,  CONN 


ffi  Vf/ashors  / 

Especially  Imperiant  In  electrical  predects, 
where  VIBRATION  is  an  eeemy. 


Mad*  •xactly  to  your  spocifications  for  qr*at*st  precision. 
PROMPT  DELIVISY  any  washer  material,  any  type,  any 
quantity,  larq*  or  small. 

Also  SMALL  METAL  STAMPINGS,  any  des'qn. 

Seed  for  QUADRIGA  Cafoloq 
Many  pholoqrapha.  Valnabl*  engineerinq  data. 


^^^ELECTRONIC  USE^ 

^  FOR  YEARS  A  LEADING  SUPPLIER  OF  PRECIOUS  METALS 
^  TO  THE  ELEaRIC  AND  ELEaRONICS  INDUSTRIES.  * 
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T&i  /K^-WeatAe^  J^ed6t(/u. 


TYPS 


65X 


Noiseless  in  operation 
Strong  and  durable 
Good  performance  in  all 
climates 


Actual  Sl»u 


Othur  #yp«» 


oilablu 


voluu* 

tlSlSTOR 

ClVlS  .  a*  tKu 
•tc. 


typ^  .  . 

ond  A  capV'  '  ^ 

sr:riS  * 


STANDARD  RANGE 
1000  ohms  to  10  megohms 
•  NOISE  TESTED  • 

At  slight  additional  cost,  rosistors  in  the 
Standard  Rang*  art  suppliod  with  each 
resistor  noise  tested  to  the  following  stand¬ 
ard:  "For  the  complete  audio  frequency 
range,  resistor  shall  have  less  noise  than 
corresponds  to  a  change  of  resistance  of 
1  port  in  1,000,000  " 

HIGH  VALUES 

15  to  1,000,000  megohms 


THI  A  A  WHITi  DINTAL  MFO.  CO. 


INDUSTRIAL 


DIVISION 


.PfFT.  I,  10  lASr  40tli  ST..  NiW  TOOK  I*.  N.  T._ 


acting  assistant  chief  engineer  of 
the  Radio  Division  of  Lear,  Inc., 
Grand  Rapids,  Mich. 

R.  C.  Longfellow  transferred  from 
Schenectady  to  Syracuse  to  become 
engineer  of  the  specialty  division, 
Electronics  Department,  of  General 
Electric  Co.,  after  over  four  years  of 
radar  engineering  work  in  the  Trans¬ 
mitter  Division. 

Walter  C.  Kirk  is  now  designing 
engineer  of  the  Ken-Rad  Division 
(Owensboro,  Ky.)  of  General  Elec¬ 
tric  Co.,  and  will  be  responsible  for 
design  engineering  of  receiver  tubes. 


W.  C.  Kirk 


W.  E.  Bradley 


niiiMt  M*m  .  niiiMii  M*n  loott  •  amcimt  *cciitotHi 

MMU  CWtniM  AM  MHWIMO  lOOlS  •  SNCIAl  fOtMIMA  ' 

mmam  mutton  •  nAsnc  wfOAinn  •  comaAci  masiic*  mouxq 

Ome  of  /^mtnlceCo  A  AAA  ^tUUutUal  Sttvtfiniuo 


New!  PRESSUREGRAPH 

LINEAR  PRESSURE  TIME  —  CURVE  INDICATOR 


Indicates  in  line- 


CET  response,  on 
screen  of  cathode 
ray  oscillograph 
(or  on  string  os¬ 
cillograph  for 
photographic 
recording),  the 
pressure-time- 
cunre  of  any  in- 
ternal  combus¬ 
tion  engine,  pump,  airline,  or  other  pressure  system  where  pres¬ 
sure  measurements  ore  desired.  Covers  wide  range  of  engine 
speeds  and  pressures  up  to  10,000  p.  s.  L  Screws  into  cylinder  and 
con  be  calibrated  using  static  pressures.  Vlbrotion-proof.  Accu¬ 
rate,  dependable  for  frequent  engine  tuning. 

SIMPLE  OPERATION— ONLY  ONE  CONTROL 

Pick-up  soctioB  octucrtod  by  prouura,  is  insartod  in  cylindar.  chcnnbar  of  cdrlin*. 
•ICm  Pidt-up  has  tamparotura  compansotion  for  oil  normal  oporoting  condittons. 
SuccossiuUy  usod  for  iosts  of  ln}oction  pumps.  Diosol  ond  outomottro  onginos, 
oxplosiTOS.  oil  pumps  and  air  comprossors. 


for  compMo  Mormafloa  writa 

ELECTRO  PRODUCTS  LABORATORIES 

549  W.  Randolph  St.,  Chleogo  6.  III.  Phono  STote  7444 


William  E.  Bradley  has  been  ap¬ 
pointed  director  of  research  for 
Philco  Corp.,  Philadelphia.  Since 
joining  Philco  in  1936  he  has  con¬ 
tributed  to  engineering  developments 
in  f-m,  television,  and  radar,  includ¬ 
ing  the  new  Philco  advanced  f-m 
system. 

Paul  M.  Reyling  is  now  manager  of 
production  and  engineering  for 
Freeland  &  Olschner  Products,  Inc., 
New  Orleans,  La.  He  will  manage 
their  transmitting  tube  plant  and 
supervise  development  projects.  Pre¬ 
viously  he  was  senior  engineer  in 
charge  of  the  vacuum-tube  program 
for  the  Oak  Ridge  atomic  bomb  proj¬ 
ect. 

Howard  S.  Frazier  was  made  vice 
president  of  Freeland  &  Olschner 
Products,  Inc.,  New  Orleans.  He  was 
formerly  director  of  engineering  for 
NAB  and  vice  chairman  of  RTPB. 
In  addition  to  duties  with  F  &  0,  he 
will  conduct  a  radio  management 
consulting  pracllice  for  the  broadcast 
industry. 

Edward  M.  Sumner  takes  over  as 
electronics  laboratory  research  di¬ 
rector  for  Ellinwood  Industries,  Los 
Angeles. 

George  Kis  has  joined  Ellinwood  in¬ 
dustries  as  electronics  laboratory 
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- NOW - 

o  really  high  -  powered 


Noiex 

Th«  Library  compri«M 
a  Mlaction  of  books 
c  u  1 1  •  d  from  loading 
McGraw  •  Hill  publico* 
tioni  In  fha  radio 
fiald. 


r\  MpMlall: 

IV  McGraw' 

r\ta  sWa 

>  M-ata  of 

L/  aro  troui 

avallaMi 


oopoelally  oaloctod  by  radia  oaaaiallttt  al 
McGraw-Hill  publications 

to  sWo  aiost  ooaiploto,  depondaMa  aw- 
crata  of  facts  noodod  by  all  wbasa  Golds 
aro  troundod  on  radio  fundamontals 


avallablo  at  a  spocial  prico  and  toms 


Tbeaa  booka  cover  circuit  phenomena,  tube 
theory,  networka,  meaauremento,  and  other 
aubjecta— viva  apecialized  treatmenta  of  all 
flelda  of  practical  deaiftn  and  application.  They 
are  booka  of  recognized  poaition  In  the  litera¬ 
ture — booka  you  will  refer  to  and  be  referred 
to  often. .  If  you  are  a  practical  dealgner,  re- 
aearcher  or  engineer  in  any  field  baaed  on  radio, 
you  want  theae  booka  for  the  help  they  give  In 
hundreda  of  problema  throughout  the  whole 
field  of  radio  engineering. 

5  volwnes,  3559  pages,  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 
Terman’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  ENGI¬ 
NEERING,  2nd  edition 
Hand’s  HIGH  FREQUENCY  MEASURE¬ 
MENTS 

Henney’s  RADIO  ENGINEERING  HAND 
BOOK,  3rd  edition 

SPICIAL  LOW  PRiei  •  lASY  TIRMS 

Special  price  under  thia  offer  leaa  than  coat 
of  booka  bought  aeparately.  In  addition,  you 
have  the  privilege  of  paying  In  eaay  Inatall- 
menta  beginning  with  IS.OO  in  10  daya  after 
receipt  of  booka  and  fS.OO  monthly  thereafter. 
Already  theae  books  are  recognized  aa  standard 
works  that  you  are  bound  to  require  aooner  oi 
later.  Take  advantage  of  these  convenien' 
terms  to  add  them  to  your  library  now. 

FOR  10  DAYS’  EXAMINATION  SEND  THIS 

ON-APFUOVAL  COUPON  «•••••••••» 

:  : 

:  McGraw-Hill  Book  Co..  330  W.  42ad  8t..  N.Y.C.  It  ] 

S  Sond  mo  Badlo  Englnooiing  Ubrary  for  10  days’  S 
2  uamlnatlon  on  approval.  In  10  dan  I  will  send  S 
•  33.00  plus  few  coots  postace  and  33.00  I 

■  till  334  la  paid,  or  return  books  posted.  (We  • 
S  Pey  pootaco  on  orders  acoompanied  by  remlUanoe  ■ 
2  of  first  Installment.)  ! 


City  and  State. 
Cmapany  . 


Position  . .  C.4C  { 
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iron 


The  high  magnetic  performance,  exceptional  Q  and  high 
permeability  assured  by  Mepham  magnetic  iron  powders 
(hydrogen  reduced)  is  daily  advancing  them  into  wider  use 
in  high-frequency,  tele-communication  and  magnetic  appli¬ 
cations. ...  Strictly  controlled  production  and  attractively 
low  prices  suggest  consultation  with  the  Mepham  Technical 
Staff. ...  No  obligation. . . .  Send  for  literature. 

Go  So  MEPHAM  CORPORATION 

Established  1902  •  •  East  St.  Louis,  Illinois 


as  a  source  of  pre- 
cision  -  made 
WASHERS  and 
STAMPINGS 
manufactured  t  o 
your  specifications 


CUP  WASHERS  manufactured  t  o 

for  Binding  Screws  y*""  specifications 

WHITEHEAD  STAMPING  CO. 


1691  W.  Lafayette  Blvd. 


Detroit  1 6,  Michigan 


NEED  CAPACITORS? — then  see  C.C.C. 


UHlCnCO  UOnftEOSER 

32SS  WEST  ARMITAOE  AVENUE 


#  DepeHdable  PredMCtt 

#  20  years  of  experl* 

eece 

#  Prevea  War  Record 

#  Modere  Plaat  Eqalp- 


#  Paper  Capacitors 

•  All  types  for 

all  parpeses 

ORPORflIIOfl 

CHICAGO  47.  ILLINOIS 


YOU  ARE  IN  DOUBT  ABOUT 
THE  RIGHT  PART  TO  USE... 


We  suggest  that  you  utilize  the  BUD 
catalog  to  remove  these  doubts.  A 
complete  line  of  scientifically  designed 
radio  components  is  available  for 
your  use. 


These  flexible 
shafts  simplify 
panel  control 
problems.  Both 
lengths  are  re- 
markably  free 
from  backlash  and 
will  turn  at  any 
angle  up  to  90°. 

A  precision-built 
gear  driven  dial 
designed  for  use 
o  n  electron-cou- 
p  1  e  d  oscillators, 
frequency  meters, 
receivers  and 
other  instruments 
where  extreme  ac¬ 
curacy  of  calibra¬ 
tion  is  necessary 
— D-1729 


Flexible  Shaft 
Couplings 


Vernier  Dial 


This  heavy  duty 
R.F.  transmitting 
choke  is  especially 
intended  for  use 
in  high  powered 
transmitter  plate 
circuits.  All  chokes 
are  coated  with  a 
moisture  absorb- 
tion  preventing 
ceramic  coating. 
Momentary  over¬ 
load  may  be  with¬ 
stood  without  col¬ 
lapsing  individual 
pies. 


Transmitting 

Choke 


lUD  PRODUCTS  ARE  BACKED  BY  YEARS 
OF  DEPENDABLE  SERVICE  AND  HAVE 
PROVED.  IN  USE,  THAT  THEY  ARE  BUILT 
TO  "TAKE  IT." 


BUD  RADIO,  INC. 


CLCVCLAMD  S,  OHIO 


technician  after  two  years  of  OSRD 
work  at  the  University  of  California. 

Paul  F.  G.  Holst  is  now  engineer  in 
charge  of  audio  and  television  devel¬ 
opment  at  The  Crosley  Corp.,  Cincin¬ 
nati.  For  the  past  16  years  he  was 
with  RCA,  working  on  audio,  radio, 
and  television  circuit  development. 


P.  F.  G.  Holst 

J.  B.  Schaefer  has  been  appointed 
plant  manager  at  New  York  Trans¬ 
former  Co.,  and  will  direct  engineer¬ 
ing  and  manufacturing  activities  at 
the  Alpha,  N.  J.  plant.  He  was  for¬ 
merly  with  Sperry  Gyroscope  Co.  as 
engineering  manager. 

Carol  M.  Veronda  is  now  with  Phil¬ 
ips  Laboratories,  Inc.,  Irvington, 
N.  Y.  as  assistant  engineer  in  the 
Microwave  Section,  after  work  on 
radar  at  NRL.  This  recently  organ¬ 
ized  laboratory  is  to  be  the  research 
center  for  all  interests  of  North 
American  Philips  Co.,  Inc.  in  the 
United  States. 

Frank  Grace  has  joined  Philips 
Laboratories,  Inc.  as  assistant  engi¬ 
neer,  Microwave  Section.  He  was 
previously  with  Reeves  Sound  Lab¬ 
oratories. 

Victor  Wouk  recently  joined  the 
Engineering  Laboratories  staff  of 
North  American  Philips  Co.,  Inc.,  at 
Dobbs  Ferry,  N.  Y.,  and  will  investi¬ 
gate  circuit  theory.  He  previously 
carried  out  research  on  mercury  arc 
rectifiers  and  gaseous  conduction  at 
Westinghouse  Electric  Corp. 

J.  M.  Wherritt  has  joined  Aireon 
Mfg.  Corp.  as  manager  of  their  new 
Emergency  Communications  Division 
in  Kansas  City,  Kansas,  after  14 
years  with  the  Missouri  State  High¬ 
way  Patrol  where  he  headed  the  com¬ 
munication  division.  For  7  of  these 
years  he  was  also  editor  of  the 
monthly  magazine,  “Associated  Po¬ 
lice  Communication  Officers  Bulle¬ 
tin”. 

Mulford  M.  Brandt  has  returned  to 


J.  B.  Schaefer 


CURRENT 

CONVERSION 

with  at  r 

QUALITY  PRODUCTS 


BATTERY 


ATR  "A" 
ELIMINATORS 


FOR  CONVIRTINO  A.C.  TO  D.C. 
Designed  for  testing  D.C.  electrical  ap¬ 
paratus  on  regular  A.C.  lines.  Equipped 
with  full-wave  dry  disc  type  rectifier, 
assuring  noiseless.  Interference-free  opera¬ 
tion  and  extreme  long  life  and  reliability, 
e  Eliminates  Storage  Batteries  and  Bat¬ 
tery  Chargers. 

•  Operates  the  Equipment  at  Maximum 
Efficiency  at  All  Times. 

•  Fully  Automotlc  and  Fool-Proof 


POWER 

INVERTERS 

FOR  INVERTING  D.C.  TO  A.C. 

For  operating  small  A.C.  motors,  electric 
rasors,  and  a  host  of  other  small  A.C.  de- 
Tices  from  D.C.  voltage  sources. 


STANDARD  and 
HEAVY  DUTY 
INVERTERS 

FOR  INVERTING  q.C.  TO  A.C. 
Specially  designed  for  operating  A.C. 
radios,  television  sets.  ampUflsrs,  address 
systems,  and  radio  test  equipment  from 
D.C.  voltoqes  in  vehicles,  ships,  trains, 
planes,  cmd  In  D.C.  districts. 

WRITE  FOR  LATEST  ATR  CATALOG 
Just  off  the  pressl 


^AMERICAN  TELEVISION  &  RADIO  CO 


ST  PAUL  1, 
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the  Television  Terminal  Equipment 
Kn^rineering  group  of  RCA  Victor 
after  years  in  the  Signal  Corps, 
including  work  on  secret  guided  mis¬ 
sile  projects  of  the  Army  Air  Forces. 
He  attained  the  rank  of  Colonel. 

H.  D.  Moreland  has  been  named 
manager  of  the  Westinghouse  X-Ray 
Division  in  Baltimore. 

TroMAS  Ryan  Warner,  recently  re¬ 
leased  from  the  Army  with  the  rank 
of  lieutenant  colonel,  has  been  ap¬ 
pointed  assistant  communications  en¬ 
gineer  of  the  Greyhound  Corp.,  and 
will  direct  training  of  personnel  and 
supervise  procedures  in  connection 
with  the  system  of  two-way  commu¬ 
nication  to  be  installed  in  more  than 
100  buses  of  Greyhound  and  two 
other  lines  operating  into  Chicago. 

James  R.  Downing  is  director  of  re¬ 
search  at  Cook  Electric  Co.,  Chicago. 
Since  1942  his  major  work  has  been 
on  the  atomic  bomb  project  and  in 
development  of  high-vacuum  equip¬ 
ment- for  industry. 

Edmund  S.  Winlund  goes  to  the 
West  Coast  as  industrial  electronics 
engineer  for  RCA's  Pacific  region, 
with  headquarters  in  Los  Angeles. 
His  work  will  include  application 
engineering  for  electronic  heating 
equipment. 

Ivan  G.  Easton  has  been  placed  in 
charge  of  the  New  York  engineering 
office  of  General  Radio  Co. 

J.  Kelly  Johnson  has  opened  his 
own  office  as  radio  and  electronic 
consultant  in  New  York  City. 

Howard  K.  Morgan,  formerly  di¬ 
rector  of  engineering  for  TWA,  Inc., 
is  now  on  the  engineering  staff  of 
Bendix  Radio  Division,  Baltimore, 
Md. 

Preston  Robinson  and  Julian  K. 
Sprague  have  been  appointed  vice 
presidents  of  the  Sprague  Electric 
Co.,  North  Adams,  Mass. 

■ 

Recordings  of  the  mating  “songs”  of 
mosquitoes  made  by  Drs.  Kahn,  Celes- 
tin,  and  Offenhauser  of  Cornell  indi¬ 
cate  a  strange  similarity  in  the  be¬ 
havior  pattern  of  mosquito  and  man. 
Two  mosquitoes  of  the  same  sex  may 
lead  quiet  bachelor  existence  but  ad¬ 
dition  of  a  member  of  the  opposite 
sex  inspires  a  competitive  singing 
match.  The  power  of  the  female’s 
voice  exceeds  that  of  the  male’s. 


(C)  EISIER  Special  Troni- 
formers  and  Reactors  ■ — 
high  or  low  voltage;  air 
cooled,  oil  immersed  -or 
uncosed. 


(B)  No.  5/  81  New  Eisler  8 
head  type  Tipless  Seoling 
•Machine.  Adaptable  for  all 
types  and  sizes  of  bulbs. 


CHAS.  EISLER 

EISLER  ENGINEERING  CO 


751  SO  13th  STREET  (Near  Avors  Ave  )  NEWARK,  NEW  JERSEY 


Type  2462F  is  designed  for  rela¬ 
tively  low  wattage,  and  it  fits  into 
an  excep.tionally  small  space. 
From  the  back  of  the  panel  it 
measures  only  %  of  an  inch. 

Its  terminals  are  ideal  for  easy, 
rapid  crimping  and  soldering. 

The  shaft  and  bushing  are  fully 
insulated  from  the  contact  mech¬ 
anisms,  so  the  rheostat  can  be 
mounted  on  a  metal  panel.  And 
this  little  10  watt  rheostat  is  tested 
for  1500  volt  breakdown. 

Other  types  of  Hardwick- 
Hindle  rheostats,  and  our  many 
resistors  offer  you  valuable  ex¬ 
clusive  advantages  also. 

Write  us  today.  Our  engineers 
are  always  at  your  service. 


ACTUAL  SIZE  OF  RHEOSTAT 


W  HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 
Subsidiary  of  THE  NATiONAl  LOCK  WASHER  COMPANY 
NEWARK  5,  N.  J.  esiasiisheo  ism  y  S.  A. 


lin*  of  spocialiiod  of  dtvicos  for  vacuum  tub#  manufacturo 

ihinos  and  dovicos  is  ___  g|a„  tube  cutters,  slicers,  stem  and 

sified.  Included  are  .  .  „  .... 

of  welders  _  spot  *««»bng  machines  as  well  as  cm  ail-mclu- 

arm,  pneumatic  and  trcmsformers  for  every  indus- 

included  are  hundreds  trial  and  general  need. 

EISIE*  terues  of  An.*rican  vacuum  lube  pro* 

Oucess  ledoy.  Wrile  ter  complolcly  illuslreied  coioleo- 


ELECTRONICS  —  March  1946 


335 


.  .  .  A  long-soughf  combination  cor¬ 
rectly  engineered  into  "SKYPLY" — the 
miracle  material  now  available  for 
your  electronics  cabinet  needs. 

Rigidly  tested  on  fighting  fronts 
throughout  the  world,  where  "SKYPLY" 
radar  and  radio  cabinets  proved  their 
resistance  to  heat, cold, moisture,  vibra¬ 
tion  and  sound — ^this  modern  Skydyne 
Sandwich  Construction  is  the  perfect 


answer  to  your  product  housing  re¬ 
quirements.  And  results  of  the  "Drop 
Test"  show  that  "SKYPLY"  is  twice  as 
strong  with  halt  the  weight,  thereby 
reducing  dead  weight  and  lowering 
shipping  costs. 

Adaptable  to  all  types  of  designs  be¬ 
cause  "SKYPLY"  is  form-moulded,  this 
Skydyne  Sandwich  Construction  offers 
a  beautiful,  smooth  surface,  with  curva¬ 
tures  easily  attained. 


NEW  BOOKS 

Electronic  Equipment 
and  Accessories 

By  R.  C.  Walker.  Chemical  Publish¬ 
ing  Company,  Inc.,  Brooklyn  SI,  New 
York,  SOS  pages,  $6.00. 

This  simple  introduction  to  the 
subject  of  industrial  electronics  has 
as  its  goal  the  presentation  of  basic 
principles,  each  backed  by  carefully 
selected  applications.  The  use  of 
British  technical  terminology,  Brit¬ 
ish  styles  in  circuit  diagrams,  and 
the  references  to  British  electronic 
tubes  and  equipment  lessen  the 
practical  value  of  the  book  to  Am¬ 
erican  readers,  but  since  circuit 
principles  are  the  same  the  world 
over  this  is  not  too  serious  a  fault. 

The  introductory  chapters  set 
forth  the  fundamental  characteris¬ 
tics  common  to  all  electronic  tubes, 
with  factors  to  be  considered  in 
choosing  the  best  tubes  and  circuits 
for  problems  most  likely  to  occur  in 
industrial  work. 

Characteristics  and  uses  of  tubes 
are  taken  up  in  three  groups:  Hard 
tubes,  gas-filled  triodes,  and  cath¬ 
ode-ray  tubes.  Typical  applications 
are  presented,  including  amplifiers, 
measuring  circuits,  relay  circuits, 
circuits  for  phase  changing,  speed 
control  of  motors,  speed  synchroniz¬ 
ing,  high-speed  impulse  recording, 
automatic  switching,  d-c  voltage 
conversion,  lamp  dimming,  scan¬ 
ning  circuits,  impulse  recording, 
frequency-operated  switches,  con¬ 
stant  current  or  voltage  control, 
timing,  phase-angle  control,  and 
intermittent  switching  control.  Two 
chapters  deal  respectively  with 
principles  and  uses  of  cathode-ray 
tubes. 

Light-sensitve  devices  that  find 
application  in  industry  are  de¬ 
scribed  as  to  construction,  charac¬ 
teristics  and  operation;  these  in¬ 
clude  the  selenium  resistance 
bridge,  the  alkali  metal  photoelec¬ 
tric  cell,  the  electron  multiplier 
types  of  cells,  and  rectifiers.  Several 
industrial  deviceb  that  use  light- 
sensitive  cells  to  measure  light  are 
also  explained,  with  descriptions  of 
follow-up  mechanisms  and  galvano¬ 
meter  relays  for  temperature  con¬ 
trol. 

The  text  dealing  with  small 
switchgear  is  detailed  and  compre¬ 
hensive.  This  chapter  comprises 
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BRADLEY 

LABORATORIES,  INC 

82  Meadow  St 


New  Haven  10,  Conn 


more  thai\  one-sixth  of  the  book. 
It  runs  the  gamut  from  simple  ac¬ 
tion  mechanical  switches  through 
to  special  forms  of  relay-operated 
types. 

Delayed  action  devices  are  de¬ 
scribed  for  use  where  an  electrical 
control  is  required  to  come  into 
operation  sometime  after  an  im¬ 
pulse  has  been  given,  or  has  to  be 
sustained  for  a  specified  period 
after  the  impulse  has  been  removed. 
Examples  are  given  that  serve  to 
indicate  the  general  scope  of  tim¬ 
ing  circuits  using  thermionic 
valves. 

Electrically  actuated  counters  or 
impulse  recorders  are  discussed  in 
connection  with  typical  circuits  and 
salient  features  of  associated  ap¬ 
paratus.  Small  d-c,  a-c,  and  uni¬ 
versal  motors,  metal  rectifiers,  tele¬ 
meters,  selsyn  control,  and  piezo¬ 
electric  devices  are  also  covered. — 
J.K. 


Many  Standard  Mountings 


We  ship  at  once— parts, 
equipment,  whatever  you  need! 


In  addition  to  the 
piguil  contact  model 
shown  here,  Bradley 
also  offers  cells  with 
plug-in  and  nut-and- 
bolt  mountings. 


This  house  began  its  career  almost  as 
early  as  Broadcasting  itself!  Today,  25 
years  later,  we’re  the  world’s  largest  radio 
supply  house!  Standard  Lines:  National, 
Hammarlund,  R.C.A.,  Hallicrafters,  Bud, 
Cardwell,  Bliley,  and  all  the  others! 


When  Foreman  and 

Steward  Bargain 

By  Glenn  Gardiner,  Vice-President, 
Forstman  Woolen  Co.,  McGraw-Hill 
Book  Co.,  New  York  18,  N.  Y.,  194 
pages,  $2.00. 


The  shapes  of  Lux- 
tron  photocells  vary 
from  circles  to  squares, 
with  every  in-between 
shape  desired.  Their 
sizes  range  from  very 
small  to  the  largest 
required. 

For  direct  conversion 
of  light  into  electric 
energy,  specify  Brad¬ 
ley’s  photocells.  They 
are  rugged,  lightweight 
and  true-to-rating. 


SUPERSPEiD  SERVICE  Orders 
shipped  out  same  day  received, 
on  most  goods. 

ENGINEERING  SERVICE  If  your 
engineering  problem  requires 
special  equipment,  we’ll  make  it 


A  Program  for  Personnel 
Administration 

By  J.  J.  Evans,  Jr.,  General  Personnel 
Manager,  Armstrong  Cork  Co.,  Mc¬ 
Graw-Hill  Book  Co.,  100  pages,  $1.50. 


Latest  bargain  flyer 
includes  test  instru¬ 
ments,  record  chang¬ 
ers,  communication 
receivers,  ham  trans¬ 
mitting  tubes  and  a 
host  of  electronic 
items  you  need  today. 


Building  A  Sales  Training 
Plan 

By  Edward  J.  Hegarty.  McGraw-Hill 
Book  Co.,  198  pages,  $2.00. 

The  more  books  an  engineer  reads 
on  the  human  relations  side  of  his 
job,  the  better  become  his  chances 
for  advancement  into  executive  posi¬ 
tions.  Once  a  certain  proficiency  is 
attained  engineeringwise,  generally 
sometime  within  the  first  ten  years 
after  completion  of  forrhal  schooling, 
further  progress  depends  so  much  on 
an  engineer’s  ability  to  supervise  and 
work  with  others  that  self-improve¬ 
ment  along  these  lines  can  pay  divi¬ 
dends. 

The  three  books  listed  above  con¬ 
stitute  a  starter  for  any  ambitious 
engineer.  All  are  well  written,  easy  to 
read,  and  a  nice  size  to  carry  in  an 
overcoat  pocket  for  perusal  in  odd 
moments  during  travel.  All  empha- 


lllustrated  literature, 
available  on  request, 
shows  more  models  of 
Bradley  photocells,  plus 
a  Hne  of  copper  oxide 
and  selenium  rectifiers. 
Write  for  'The  Brodley 
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Cut  out  coupon,  paste  on  penny  post  cord,  moil  today 


Gentlemen:  Send  me  FREE  copy  of  your  Latest  Bargain  Flyer 
C-36,  packed  with  recent  electronic  equipment  and  components. 


CITY. 
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Now  You  Can  Get 

TERMINAL  BOARDS 


size  the  importance  of  considering 
the  feelinprs,  the  desires,  the  thoughts, 
and  the  humanness  of  the  other  fol¬ 
low,  and  give  practical  and  simple 
techniques  for  making  others  do  will- 
ingly,  cheerfully,  and  efficiently  the 
jobs  you  assign  them.  All  stress  the 
value  of  diplomacy,  of  thinking  be¬ 
fore  acting,  of  selling  ideas  before 
presenting  them  as  orders.  In  these 
and  the  scores  of  similar  books  now 
available  lie  the  solutions  to  a  high 
percentage  of  the  labor-management 
problems  now  confronting  industry. 
— J.M. 


Custom  Made  to  Your  Specifications 


Don’t  waste  time  drilling  and  cutting 
terminal  boards  and  mounting  terminal 
lugs — let  C.T.C.  do  it  for  you.  Just 
send  your  complete  specifications  and 
we’ll  make  up  the  boards  to  meet  your 
most  exacting  requirements. 

You’ll  get  the  boards  in  less  time 


plete,  ready  to  use,  with  quick  solder¬ 
ing  C.T.C.  Lugs  firmly  anchored  in 
exact  position,  and  linen  bakelite 
boards  perfectly  cut  and  finished. 

Here’s  a  sure  way  to  save  time  and 
money  in  the  laboratory  or  on  the  pro¬ 
duction  line. 

Why  not  let  us  quote  on  your  specifi¬ 
cations  today: 


•  •  • 

Electrical  Circuits 
and  Machines 

By  Eugene  C.  Lister,  Supervisor  of 
Electrical  Theory  Instruction,  Iowa 
State  College,  1942-1944.  McGraw-Hill 
Book  Co.,  Inc.,  New  York,  1945.  355 
pages,  $3.50. 

This  book  is  intended  to  serve  as  an 
outline  text  covering  the  fundamen¬ 
tals  of  electric  circuits  and  machines 
in  sufficient  detail  for  the  student  to 
gain  a  general  understanding  of  the 
subject  and  at  the  same  time  allow 
opportunity  for  an  instructor  to  en¬ 
large  upon  any  phase  of  the  subject 
to  meet  the  needs  of  his  students. 
To  this  end,  basic  principles  and  the 
physical  actions  which  take  place 
have  been  emphasized  rather  than  de¬ 
tailed  theoretical  analysis,  and  the 
treatment  of  the  subject  matter  lias 
been  made  as  nonmathematical  as 
possible. 

Both  direct  and  alternating  cur¬ 
rents  and  circuits,  motors  and  gen¬ 
erators,  and  associated  control  and 
metering  equipment  are  discussed 
and  many  numerical  examples  have 
been  worked  out  in  detail.  Extra 
problems  of  a  practical  nature  are 
given  in  those  chapters  where  the 
solution  of  problems  will  illustrate 
the  application  of  the  principles  in¬ 
volved.  At  the  close  of  each  chapter, 
a  comprehensive  list  of  review  ques¬ 
tions  is  given  to  aid  the  student  in 
evaluating  his  grasp  of  the  subject 
matter. 

An  extended  discussion  of  electron 
tubes  is  beyond  the  scope  of  this 
book.  Therefore,  the  fact  that  the 
final  chapter  contains  only  a  brief 
description  and  discussion  of  a  few 
fundamental  tube  types,  circuits  and 
typical  industrial  applications  should 
not  detract  from  the  value  of  the 
book  as  a  whole. — ^RAYMOND  H. 
SCHAAF. 
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COMPUTE  ELECTRONIC 
TIMING  AND  SWITCHING 
IN  ONE  PACKAGE 
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NEW  E-l  ELECTRONIC 

WELDING 

SYNCHRONOUS  •  FULL-WAVE 


No  tpeciol  tkili  is  required  to  operate  art  E-l  timer.  Single  knob 
control  gives  precision  timing  from  and  1  cycie  to  20  cycles 
in  single  cycle  steps.  Circuit  incorporates  automatic  splash 
quench  If  electrodes  are  opened  prematurely.  E-l  control  elimi¬ 
nates  mechanical  contactors  and  their  troubles  .  .  .  gas  tubes 
handle  all  current.  Unit  is  housed  in  sturdy  steel  case 


ELECTRICAL  INDUSTRIES 


I  N  C  O 
42  SUMMER  AVENUE 


ORATED 
NEWARK  4,  NEW  JERSEY 


UEiU 

EY  Lm 


338 


March  1946  — ELECTRONICS 


t 


IAMI 

m^^ss 


mm 


Higher  current  handling  ability  and  lower  I^R 
losses  in  reduced  space  simplify  equipment 
design  —  meets  new  FCC  frequency  stability 
regulations  for  industrial  and  electro -medical 
oscillators  using  Amperex- developed  circuits 


Design  and  manufacturing  techniques  evolved  for 
high  power  copper  anode  tubes  were  successfully 
brought  to  bear  in  developing  the  unusual  quali¬ 
ties  of  the  Amperex  VC50  Vacuum  Condenser.  This 
uniqpie  all-copper  construction  with  large  area 
seals,  no  welds  and  increased  mechanical  rugged¬ 
ness  insures  efficient  and  economical  operation. 
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